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Abstract 
Background: Children with congenital hemiplegia have difficulties reaching, grasping, 
manipulating, and releasing objects with their impaired upper limb (UL). There is now strong 
evidence supporting intensive models of UL therapy (e.g., constraint induced movement therapy 
[CIMT], bimanual training [BIM], goal-directed therapy) to improve UL function and achieve 
individualised goals. Despite increased knowledge regarding optimal protocols for these 
interventions, our understanding of individual and environmental factors influencing outcomes 
remains limited. It is known nevertheless that the more children embrace moderate challenges and 
persist with skill mastery the more likely they are to achieve functional goals. In the context of 
therapy, children’s willingness to persist with challenging tasks (mastery motivation) may be a 
previously unrecognised contributor to outcomes. 
Aims: The primary aim of this thesis was to determine the extent to which mastery motivation 
predicted occupational performance outcomes immediately post (at 13 weeks) and at 26 weeks 
following 2 different goal-directed UL interventions in school-aged children with congenital 
hemiplegia. Secondary aims were to: (1) systematically review clinimetric properties of measures of 
motivation; (2) examine test-retest reproducibility of parent proxy-report mastery motivation 
questionnaires; (3) examine relationships between mastery motivation, individual, and 
environmental characteristics and; (4) determine relationships between mastery motivation and 
engagement during therapy. 
Design and methodology: This study was embedded within a matched pairs randomised 
comparison trial COMBiT (Constraint induced Movement and Bimanual Therapy; NHMRC 
1003887) for school-aged children with congenital hemiplegia. Fifty three children aged 5 to 16 
years, Manual Ability Classification System levels I and II, were randomly allocated to receive 
either (1) Hybrid CIMT (hCIMT), an intensive group-based block model of modified CIMT 
followed by BIM (total dose 45 hours UL training) or (2) an individualised, distributed model of 
standard occupational therapy care (SC) (total dose 45 hours UL training). Mastery motivation was 
assessed at baseline using the Dimensions of Mastery Questionnaire (DMQ) parent proxy-report. 
Engagement in therapy was measured during goal-directed activities using the Pediatric Volitional 
Questionnaire (PVQ). Occupational performance outcomes were assessed at baseline, immediately 
following intervention (13 weeks), and at 26 weeks post-intervention using the Canadian 
Occupational Performance Measure (COPM). Repeated measurement of DMQ parent proxy-report 
over two interviews (2-30 days apart) enabled determination of test-retest reproducibility of the 
DMQ. 
Results: A systematic review identified 2 measures of motivation for school-aged children with 
physical disability or motor delay: the DMQ and the PVQ. Clinimetric review identified the DMQ 
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to be the more robust of the 2 measures, however, further evidence of test-retest reproducibility and 
parent-child concordance of the DMQ was required. Test-retest reproducibility for DMQ 
instrumental aspect (ICC=0.86) and total motivation (ICC=0.84) were excellent with subscales 
ranging from ICC=0.70 to 0.91. Standard error of measurement (SEM) for total motivation was 
0.23 points. Parent-child concordance was poor across all scores (ICC=-0.04 to 0.42) with large 
SEM (0.50-0.91). Associations between mastery motivation and individual and environmental 
factors, identified consistent and positive parental disciplinary practices were associated with higher 
total motivation (=-0.19, p=0.01) and instrumental aspect scores (=-0.20, p=0.01). Parental 
disciplinary laxness predicted decreased motivation. Children from single-parent families (=0.88, 
p=0.004) and with one or more siblings (=0.66, p=0.02) were more likely to react to failure. For 
occupational performance outcomes (COPM), both treatment groups made statistically and 
clinically significant changes in perceived performance and satisfaction of identified functional 
goals from baseline to 13 and 26 weeks post-intervention. No between-group clinically significant 
differences were identified. Superior bimanual performance (AHA: β=0.03, p<0.001), greater 
object-oriented persistence (DMQ: β=0.31, p=0.05), and being part of the SC treatment group (SC: 
β=0.24, p=0.01) predicted COPM performance scores at 13 and 26 weeks post-intervention. Despite 
parents reporting lower levels of mastery motivation for their children at baseline (mean diff=-0.25, 
p=0.05), children in hCIMT demonstrated greater engagement during goal-directed activities than 
children in SC (mean diff=0.24, p=0.04). For participants who received hCIMT, greater object-
oriented persistence was associated with task-directedness (β=0.25, p=0.05), seeking challenges 
(β=0.51, p=0.02), exploration (β=0.10, p=0.03), and total volitional scores (β=0.23, p=0.01).  
Conclusions: Our understanding of contextual drivers of change in occupational performance 
within UL rehabilitation is limited. This thesis adds unique knowledge regarding the contribution of 
children’s individual characteristics and environmental factors to therapy outcomes. Children’s task 
persistence alongside bimanual performance, were identified as significant predictors of 
occupational performance outcomes following UL intervention for children with congenital 
hemiplegia. To support children’s task persistence in goal-directed activities, clinicians may 
consider designing therapy interventions that are reflective of children’s mastery motivation, 
individual strengths and family circumstances. Environments and strategies that are autonomy-
supportive, offer social support and scaffold the learning of new skills and achievement of 
personally meaningful goals can further maximise children's engagement and optimise their 
therapeutic outcomes. As part of early childhood interventions, clinicians may consider supporting 
parents to generalise these strategies within the home environment to foster children’s development 
of persistence when approaching difficult circumstances and activities.  
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Chapter 1: Introduction, Thesis Outline, and Aims 
1.1 Introduction 
Cerebral palsy (CP) is the leading cause of physical disability in Australian children, with a 
prevalence rate of 2.1 per 1000 live births (Australian Cerebral Palsy Register, 2013). These figures 
are consistent with the overall prevalence of CP worldwide (2.11 per 1000 live births, 95% CI 1.98-
2.25) (Oskoui, Coutinho, Dykeman, Jetté, & Pringsheim, 2013). The most predominant motor type 
of CP is spasticity, accounting for 86.6% of individuals across Australia (Australian Cerebral Palsy 
Register, 2013).  
Cerebral palsy is a permanent and non-progressive lesion to the developing immature brain, 
which results in impairment of motor function, specifically the development of movement and 
posture (Rosenbaum, Paneth, Leviton, Goldstein, & Bax, 2007). Although non-progressive, CP 
typically involves a changing clinical presentation with increasing secondary musculoskeletal 
impairments resulting in activity limitations and participation restrictions persisting into adult life 
(Rosenbaum et al., 2007). Children with CP may also experience disturbances of sensation, 
perception, cognition, and behaviour (Australian Cerebral Palsy Register, 2013; Rosenbaum et al., 
2007). Children with CP are also at higher risk of psychological problems than typically developing 
children (Goodman, 1998; Parkes et al., 2008).  The ongoing health care management of individuals 
with CP places a significant financial burden on families and the Australian health care system 
more generally. In 2007, the financial cost of CP in Australia was in excess of AU$1.47 billion 
(including productivity losses, direct and indirect programs costs, and health system expenditure) 
with a further $2.4 billion related to lost wellbeing (Access Economics, 2008). The Australian 
government covered 57% of these expenses, with individual families contributing the remaining 
43% (Access Economics, 2008). 
1.2 Unilateral Cerebral Palsy 
The most common topographical pattern of spastic CP is unilateral cerebral palsy (UCP), 
characterised by unilateral impairment of motor and sensory function. Children with UCP may 
experience involvement of both upper and lower limbs. This topographical pattern of spasticity is 
commonly referred to as congenital hemiplegia (the term used within this thesis) and typically, 
upper limb (UL) involvement is more pronounced than lower limb (Wiklund & Uvebrant, 1991). 
Congenital hemiplegia (and monoplegia) occurs in more than 1 million children under 21 years of 
age in the industrialised world (Howard et al., 2005; Stanley, Blair, & Alberman, 2000) and 
accounts for 55% of children with CP in South Australia, Victoria, and Western Australia combined 
(Australian Cerebral Palsy Register, 2013). Children with hemiplegia may have difficulties 
reaching, grasping, manipulating, and releasing objects with their impaired hand and arm. They 
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often display signs of spasticity and weakness, decreased range of movement, slowness of 
movement, poor coordination and calibration, mirror movements, impaired finger isolation, and 
sensory impairment (Eliasson, 2005; Himmelmann, Beckung, Hagberg, & Uvebrant, 2006). 
Consequently, children have limitations in their capacity to use their impaired UL, compromising 
bimanual coordination, which impacts their ability to engage in daily activities and participate in 
home, school, and community life (Sakzewski, Boyd, & Ziviani, 2007).  
1.2.1 Therapeutic management of upper limb dysfunction in children with congenital 
hemiplegia.  
Children with congenital hemiplegia present with deficits in unimanual and bimanual 
capacity. Unilateral performance of tasks with the unimpaired hand is often less efficient and 
effective than performing the same task with both hands, resulting in functional limitations during 
self-care, play, and educational tasks (Charles, Wolf, Schneider, & Gordon, 2006; Krumlinde-
Sundholm & Eliasson, 2003). Reinforcement of single hand-use throughout childhood makes 
rehabilitation of the impaired UL a challenging task for clinicians (Charles & Gordon, 2006). In 
recent years, our understanding of how children with CP respond to non-surgical UL interventions 
has grown, particularly in contemporary motor learning-based approaches including classic and 
modified constraint induced movement therapy (cCIMT/mCIMT), hybrid models (hCIMT), and 
hand arm intensive bimanual training (HABIT) (Sakzewski, Ziviani, & Boyd, 2009; Sakzewski, 
Ziviani, & Boyd, 2014). 
Constraint induced movement therapy (CIMT) includes: (1) constraint of the unimpaired UL 
using a variety of techniques including cast, mitt, sling, and manual restraint and; (2) intensive 
unimanual training of the impaired UL utilising intensive shaping of targeted UL movements (Taub, 
Ramey, DeLuca, & Echols, 2004) or activity-based whole task practice (Eliasson, Krumlinde-
Sundholm, Shaw, & Wang, 2005). Constraint induced movement therapy (CIMT) and mCIMT are 
reported to improve spontaneous use of the impaired UL (Charles et al., 2006; Taub et al., 2004); 
the quality, speed, and dexterity of UL function (Bonnier, Eliasson, & Krumlinde-Sundholm, 2006; 
Charles et al., 2006; Wallen et al., 2011); and independence during self-care tasks (Charles et al., 
2006; de Brito Brandao, Mancini, Vaz, Pereira de Melo, & Fonseca, 2010). Although improvements 
in bimanual performance are reported using mCIMT (Eliasson et al., 2005; Hoare et al., 2013; 
Wallen et al., 2011), researchers recommend future studies of cCIMT, mCIMT and hCIMT should 
further explore the extent to which skills acquired during unimanual training are translated into 
bimanual skills required for participation in activities of daily living (Eliasson et al., 2013). Studies 
utilising mCIMT in UL rehabilitation for children with hemiplegia demonstrate encouraging results 
(Eliasson et al., 2013), however, the benefits of mCIMT need to be considered in the context of the 
potential frustration or discomfort experienced by the child (Gilmore, Ziviani, Sakzewski, Shields, 
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& Boyd, 2010). The feasibility of conducting intensive cCIMT or mCIMT protocols within current 
real world clinical settings and/or family environments also requires consideration (Charles & 
Gordon, 2006; Hoare et al., 2013; Wallen et al., 2011). 
Bimanual training (BIM) focuses on the known deficits of bimanual coordination faced by 
children with congenital hemiplegia. These children typically prefer to use their unimpaired hand as 
their dominant hand and their impaired hand as their assisting hand (Krumlinde-Sundholm & 
Eliasson, 2003). Consistent with motor learning principles, BIM emphasises the importance of task 
specificity and practising bimanual tasks directly to improve bimanual performance (Charles & 
Gordon, 2006). Bimanual training has been shown to improve the bimanual performance of 
children with CP across a number of studies (Facchin et al., 2011; Gordon et al., 2008; Gordon, 
Schneider, Chinnan, & Charles, 2007; Hoare et al., 2013; Sakzewski et al., 2012). Key features of 
BIM include: (1) intensive structured practice of increasing complexity; (2) targeted training of 
known deficits in bimanual coordination; (3) use of functional activities that require bimanual hand-
use and; (4) utilisation of the principles of motor learning (Charles & Gordon, 2006). In BIM, the 
focus is on active learning and problem solving for children to discover their bimanual potential and 
engage in activities of increasingly complex bimanual coordination. The impaired UL continues to 
act as the assisting hand (Charles & Gordon, 2006).  
In studies directly comparing the same dosages and intensity of BIM with mCIMT, neither 
approach has proved to be the superior intervention for children with congenital hemiplegia (Hoare 
et al., 2013; Sakzewski et al., 2011b; Gordon, 2011). To improve functional performance, UL 
training needs to be specific and focus on outcomes of skill development and functional 
performance in daily life (Eliasson, 2007). In order to achieve this, it has been suggested that a 
combined approach utilising mCIMT followed by BIM may result in the collective benefits of both 
approaches (Sakzewski, Gordon, & Eliasson, 2014). In recent years, studies have investigated the 
effectiveness of combined or hybrid models of UL intervention (e.g., Aarts, Jongerius, Geerdink, 
van Limbeek, & Geurts, 2010; de Brito Brandao et al., 2010). Significant improvements in 
bimanual performance and individualised outcomes were reported by Aarts et al. (2010) for 
children participating in combined mCIMT and BIM when compared to standard care. Although no 
differences between groups were reported in the Jebsen-Taylor Test of Hand Function by de Brito 
Brandao et al. (2010), significant differences between the hybrid intervention group and control 
group were identified for independence and functional skills (de Brito Brandao et al., 2010). 
1.2.2 State of the evidence for upper limb rehabilitation in unilateral cerebral palsy. 
A recent meta-analysis of UL interventions for children with UCP has provided clear 
guidelines for clinicians working in rehabilitation settings (Sakzewski, Ziviani, et al., 2014). Modest 
evidence was found to suggest that compared with standard care, activity-based, goal-directed 
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interventions are more effective in improving UL outcomes. Interventions should therefore be based 
on meaningful life goals identified apriori, and individually selected by children and their 
caregivers. These goals should be objectively measured as part of rehabilitation efforts. In studies of 
UL intervention in children with CP, most goals identified by children and their families are 
bimanual in nature (Gordon et al., 2011; Novak, Cusick, & Lannin, 2009; Olesch, Greaves, Imms, 
Reid, & Graham, 2010; Sakzewski et al., 2011a; Wallen, O'Flaherty, & Waugh, 2007; Wallen et al., 
2011). As such, activity-based therapies should not only be aligned with contemporary motor-
learning based approaches (Sakzewski, Ziviani, et al., 2014) but should also identify bimanual and 
functional performance as key outcomes of UL interventions (Eliasson et al., 2013). Despite 
increased knowledge of the efficacy of different UL approaches in improving outcomes for children 
with CP, our understanding of why some children achieve meaningful changes in outcomes and 
others do not remains limited. This raises important questions regarding what other factors might be 
influencing therapy outcomes.  
1.2.3 Contextual determinants of motor change in children with cerebral palsy. 
In 2001, the World Health Organisation developed a conceptual framework: the 
International Classification of Functioning, Disability, and Health (ICF), which provides a 
multidimensional perspective for describing, measuring, and documenting health states and 
outcomes (World Health Organisation, 2001). The framework provides a systemic, bidirectional 
and biopsychosocial means of considering body structures and functions, activities and 
participation, and takes into consideration the impact of contextual factors on disablement for each 
(Figure 1-1). To be actively engaged in meaningful life activities, children with CP must overcome 
activity limitations and participation restrictions that impact all areas of occupational performance.  
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Figure 1-1. International Classification of Functioning, Disability, and Health (ICF) model  
(World Health Organisation, 2001, p. 18). 
 
With the increased implementation of the ICF across rehabilitation settings, there has been a 
developing interest regarding the potential impact of contextual factors on therapy outcomes and 
occupational performance of children with CP engaged in motor rehabilitation. Contextual factors 
comprise personal and environmental factors that are not part of the health condition or state but 
influence the individual and impact on outcomes of interventions (World Health Organisation, 
2001). Personal factors are the individual characteristics of a person (including their interests, likes, 
dislikes, and motivations), their background, and lifestyle. Environmental factors include elements 
external to the individual such as the attitudinal, physical, and social environments within which the 
person lives (World Health Organisation, 2001). Overall, the outcomes of disability and function for 
an individual are based on the complex relationships between contextual factors, impairment of 
body structures and functions, activity limitations, and participation restrictions (World Health 
Organisation, 2001).  
When developing a conceptual model for the determinants of change in motor function for 
children with CP, Bartlett and Palisano (2000) proposed individual child characteristics (personal 
factors) and family ecology (environmental factors) as potential mediators of therapy outcomes 
(Bartlett & Palisano, 2000) (Figure 1-2). When testing this conceptual model, expert clinicians 
reported children’s motivation as the only personal factor unrelated to their health state that 
influenced their motor ability and change in outcomes following intervention (Bartlett & Palisano, 
2002).  
Within the ICF (World Health Organisation, 2001), motivation is defined as the conscious 
or unconscious driving force for action (World Health Organisation, 2001). It can be considered not 
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only as a mental function, but also as a personal factor, a distinctive characteristic of the individual 
which has a bidirectional role influencing both activity and participation outcomes, and impacting 
body structures and functions (World Health Organisation, 2001). Motivation is considered a 
significant determinant of skill development and overall wellbeing for both typically and atypically 
developing children (Majnemer, Shevell, Law, Poulin, & Rosenbaum, 2010; Ryan & Deci, 2009), 
and therefore consideration of its mediating effect on the efficacy of UL interventions is warranted. 
 
 
 
Figure 1-2. Full structural model of determinants of motor change for children with cerebral palsy. 
Solid lines and ovals are part of the proposed model; dotted lines and ovals present parts of an 
expanded model. Reprinted from Physical Therapy. 2000;80:598-614, with permission of the 
American Physical Therapy Association. Copyright © 2000 American Physical Therapy 
Association. All rights reserved. 
 
1.2.4 Occupational performance and mastery motivation: A conceptual framework. 
Occupational performance is a term utilised primarily by occupational therapists to describe 
an individual’s function. It reflects the dynamic experience of engaging in occupations within the 
context of the temporal, socio-cultural, and physical environment (Townsend & Polatakjo, 2013). 
This intersection between the person, their occupations, and the environment can be described as 
occupational performance (Baum & Law, 1997). By focusing on occupational performance, 
clinicians working with children with disabilities enable participation through supporting 
engagement in meaningful life activities (King & Chiarello, 2014).  
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Within the context of UL intervention for children with CP, clinicians work within a 
framework of family-centred (King & Chiarello, 2014), goal-focussed (Brewer, Pollock, & Wright, 
2014), functionally-oriented (Law & Darrah, 2014), and activity-based practice (Sakzewski, 
Ziviani, et al., 2014) aimed at promoting the development of skills and mastery of tasks required for 
successful occupational performance, participation and engagement. Individualised goals typically 
focus on developing skills for increased independence in the areas of self-care, productivity, and 
leisure. These goals require children to master specific skills and solve bimanual performance 
problems and challenges faced due to impairment of UL structures and functions. To successfully 
achieve goals and master new skills, children and youth need to be motivated to engage in therapy 
and demonstrate a willingness to persist in the face of challenge and potential failure. 
A number of theoretical frameworks and conceptualisations of motivation exist within the 
literature, each providing their own unique perspective of motivation and its influence on human 
behaviour and occupational performance. Motivation can be considered a multidimensional 
phenomenon and individuals may vary not only in their level of motivation (i.e. how much 
motivation) but also in their motivational orientation (i.e. what type of motivation) (Ryan & Deci, 
2000). Two broad distinctions of motivational orientation have been identified in the literature, 
based on the diverse reasons or goals that drive an individual’s actions and engagement in tasks 
(Deci & Ryan, 1985). These are intrinsic and extrinsic motivation. Intrinsically motivated 
behaviour is characterised by engagement in a task or activity because it is inherently interesting or 
enjoyable. In contrast, performance of tasks to gain a separate outcome, external reward or 
consequence is reflective of extrinsic motivation. As summarised by Gilmore and Cuskelly (2014), 
research investigating typically developing children’s willingness to engage in tasks has been 
underpinned by a number of key theoretical perspectives. These include (but are not limited to):   
 Self Determination Theory (Deci & Ryan, 2000). This theory proposes children’s pursuit of 
different goals and activities throughout life is influenced by a motivation to fulfil three 
basic psychological needs for Autonomy, Relatedness and Competence. 
 Self-Efficacy Theory (Bandura, 1986). Central to this theory is children’s beliefs about their 
competence and capabilities to influence their level of functioning and events that impact 
their lives. 
 Expectancy-Value Theory (e.g., Eccles, Wigfield, Schiefele, Damon, & Eisenberg, 1998; 
Wigfield & Eccles, 2000). This approach suggests children’s motivation to engage in and 
succeed at an activity, and subsequent mastery behaviours, are influenced by their beliefs 
and expectations of success with the activity (expectancies) and the extent to which they 
value the activity (values). 
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 Hope Theory (Snyder, 2002). This theory assumes human actions are goal-directed and 
individuals are driven based on a positive motivational state of ‘hope’ i.e. a sense of goal-
directed energy and active planning to meet goals. 
 Goal Theories (e.g., Ames, 1992; Elliott & Dweck, 1988; Locke & Latham, 2002; Nicholls, 
1979). These theories are based on the premise that conscious goals drive action. Of 
particular interest in studies of children are: (1) performance goals where individuals seek to 
receive or maintain positive and avoid negative judgements of their ability and (2) learning 
or mastery goals which motivate children to learn and master new tasks, overcome 
challenges and increase their competence. 
 Attribution Theory (Weiner, 1985). This theory focusses on children’s reasoning and 
interpretations of the causes of their successes and failures, rather than motivational 
dispositions or actual achievement outcomes.  
 Operant Reinforcement Theory (Skinner, 1966; Vorsteg, 1974). This theory is based on the 
process whereby a child’s behaviour can be influenced by consequences of reinforcement or 
punishment.  
Despite a considerable volume of research utilising these different theoretical perspectives 
of motivation in typically developing children, there is a paucity of empirical research about 
motivation in children with cerebral palsy. Only a few studies have attempted to measure 
motivation across all areas of occupational performance in school-aged children with physical 
disabilities or motor delay. In our systematic review of measures of motivation in children (Miller, 
Ziviani, & Boyd, 2014), over 13,000 papers were identified as discussing children’s motivation, 
however, only 15 papers utilised a measurement tool and only two of these tools had clinimetric 
properties suitable for use in children with physical disabilities or motor delay (Miller, Ziviani, & 
Boyd, 2014). The paucity of measures of motivation found across the majority of papers highlights 
the challenges faced when attempting to measure a complex construct. 
Although there are many possible theories and conceptualisations of motivation that may be 
relevant to our understanding of motivation in children with CP, our systematic review (Miller, 
Ziviani, & Boyd, 2014) identified mastery motivation as an emerging theoretical construct of 
particular interest that has been systematically applied to children and adolescents with CP across a 
number of empirical studies (Bartlett, 1999; Majnemer, 2011; Majnemer et al., 2008; Majnemer, 
Shevell, Rosenbaum, Law, & Poulin, 2007; Majnemer, Shikako-Thomas, et al., 2010). Mastery 
motivation is conceptualised as an intrinsic drive to master challenging tasks in a persistent and 
task-directed way, in the pursuit of competence and successful interaction with the environment 
(Morgan, Harmon, & Maslin-Cole, 1990). This conceptualisation is descriptive of the motivated 
behaviour clinicians observe and/or require children to demonstrate to successfully engage in 
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therapeutic activities and maximise occupational performance. As such, the theoretical construct of 
mastery motivation (Morgan et al., 1990) provides an empirically supported conceptual framework 
to guide our investigations. 
Despite an increasing appreciation that contextual factors are important determinants of 
activity, participation, and quality of life in people with disabilities across their lifespan, clinical 
research has not objectively investigated these influences on rehabilitation outcomes for children 
with CP. This significant gap in knowledge is the focus of this thesis. To this end, this doctoral 
program will: 
 Systematically review and determine the clinimetric properties (psychometric and clinical 
utility) of measurements of motivation for school-aged children (5-16 years) with a physical 
disability or motor delay. 
 Determine the test-retest reproducibility of the Dimensions of Mastery Questionnaire 
(DMQ) parent proxy-report in school-aged children with congenital hemiplegia. 
 Investigate the relationship between mastery motivation and contextual factors including the 
child factors of age, sex, limitations in manual ability and gross motor function (MACS and 
GMFCS); and the environmental factors of parenting style, family income, family structure 
(one or two parents), and family composition (with or without siblings) for children with 
congenital hemiplegia. 
 Determine the extent to which mastery motivation predicts occupational performance 
outcomes at 13 and 26 weeks post UL intervention.  
 Investigate the relationship between children’s mastery motivation and therapy engagement 
during two different goal-directed UL intervention contexts.  
This doctoral program is embedded in a larger National Health and Medical Research 
Council (NHMRC) funded randomised comparison trial (RCT) entitled COMBiT (Constraint 
induced Movement and Bimanual Therapy; NHMRC 1003887) for school-aged children with 
congenital hemiplegia (Boyd et al., 2013). 
1.3 Aims and Hypotheses 
This doctoral research project specifically aims to investigate the impact of mastery 
motivation on occupational performance outcomes for school-aged children with congenital 
hemiplegia following UL intervention. Specific aims and corresponding hypotheses, rationale, and 
methodologies are described below. 
Aim 1: To investigate the validity, reliability, feasibility, accessibility, and practicality of 
use of measurements of motivation for 5-16 years old children with a physical disability or motor 
delay.  
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Hypothesis: There will be few measures of motivation that demonstrate adequate validity, 
reliability, and clinical utility for use with children aged 5-16 years with a physical disability or 
motor delay.  
Rationale: The contribution of motivation to therapeutic outcomes remains largely 
unexplored due to the challenges faced when attempting to measure such a complex construct. In 
recent years, parent/teacher proxy-report and child self-report questionnaires have been utilised to 
measure motivation in typically developing school-aged children and children with developmental 
disabilities, although the psychometric robustness of these measures is unclear. Valid and reliable 
measures of motivation are needed to determine the contribution of motivation to therapy 
engagement and outcomes. 
Methods: A systematic review of papers and publications reporting psychometric data of 
measures of motivation in school-aged children will be performed. This will identify assessment 
tools suitable for use in the RCT. 
Aim 2: To determine the test-retest reproducibility of the DMQ parent proxy-report in 
school-aged children with congenital hemiplegia. Secondary aims are to examine internal 
consistency and parent-child concordance of the DMQ in the same sample. 
Hypothesis: There will be moderate agreement on test-retest reproducibility for DMQ 
parent proxy-report. Internal consistency of DMQ parent proxy-report will be high. Parent-child 
concordance on the DMQ will be poor. 
Rationale: Reliability refers to the extent of reproducibility, consistency, and stability of a 
measurement when considering variations in time of administration (Kirkwood & Sterne, 2003). 
Test-retest reproducibility determines the stability of a measure over time and is an important aspect 
of the psychometric robustness of a measure. The DMQ is increasingly being used in clinical 
studies of children with CP, but there is only preliminary evidence of its reliability in a younger 
population (2-5 years of age). To date, a single study in a preschool population has measured the 
test-retest reliability of the DMQ using Intraclass Correlation Coefficients (ICC) (Igoe et al., 2011). 
As such, it is necessary that further studies are conducted to determine the test-retest reproducibility 
of this measure in a school-aged population of children with CP. 
Methods: Children and their caregivers participating in the COMBiT RCT will complete 
the DMQ at baseline. A subset of caregivers will complete the DMQ parent proxy-report on two 
occasions 2-30 days apart. 
Aim 3: To examine the relationships between mastery motivation and individual and 
environmental factors in school-aged children with congenital hemiplegia. Secondary aims are to 
describe mastery motivation in school-aged children with congenital hemiplegia and compare them 
to (1) a reference sample of typically developing school-aged children (Morgan, Busch-Rossnagel, 
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Barrett, & Wang, 2009) and (2) two published samples of school-aged children with CP 
(Majnemer, Shevell, et al., 2010; Yap, Majnemer, Benaroch, & Cantin, 2010). 
Hypothesis: Children’s mastery motivation will be positively related to functional parenting 
styles and negatively associated with activity limitations, manifesting in gross motor function and 
hand-use in everyday activities. 
Rationale: Interactions with parents play an important role in the development of mastery in 
children (Heckhausen, 1993). Mother directiveness and mixed affective exchanges between parents 
and children have been associated with lower independent mastery behaviours and reduced 
persistence in young children (Morgan et al., 1993). Given the significant contribution children’s 
motivation has on learning, development, and overall functional wellbeing, there is a need to 
understand the extent to which different aspects of the family environment correlate with children’s 
motivation (Hauser-Cram, 1993). When exploring the contextual factors contributing to motor 
change in children with CP, the parenting style of caregivers, family income, and family 
composition may be significant environmental factors that influence outcomes. The extent of the 
impact of such environmental factors on both personal factors (such as motivation) and outcomes of 
intervention should therefore be explored. 
Methods: All participants in this cross-sectional study will attend baseline assessments at 
The Royal Children’s Hospital or The University of Queensland as part of the COMBiT RCT. As 
part of this cross-sectional study, caregivers and children will complete a measure of mastery 
motivation. Caregivers will also complete a measure of parenting style and a study questionnaire 
providing information on demographics and family income. A cross-sectional analysis of this data 
will be used to describe and characterise mastery motivation in school-aged children with CP and 
identify its relationship to other child and environmental factors in this population. 
Aim 4: To determine the impact of a child’s mastery motivation on occupational 
performance outcomes at 13 weeks following upper limb intervention when controlling for family 
ecology and other potentially confounding characteristics.  
Hypothesis: Children’s persistence with challenging tasks will be positively associated with 
favourable individualised outcomes post-intervention, when controlling for family ecology, age, 
sex, and UL capacity. 
Aim 5: To determine the extent to which children’s mastery motivation predicts 
occupational performance outcomes immediately post and six months following an intensive group 
block model of intervention (Hybrid Constraint Induced Movement Therapy, hCIMT) or an 
individualised, distributed model of standard occupational therapy care (SC).  
11
  
Hypothesis: There will be a significant positive association between children’s mastery 
motivation at baseline and occupational performance outcomes at 13 weeks post UL intervention, 
which will be retained at 26 weeks. 
Rationale: Upper limb rehabilitation programs for children with hemiplegia are resource 
intensive and time-consuming. It is important to determine not only the optimal treatment protocol 
for children with congenital hemiplegia, but also investigate the potential contribution of contextual 
factors on UL outcomes. Despite an increased appreciation that children’s motivation may influence 
the effectiveness of interventions and the overall functional potential of the child (Majnemer, 
Shevell, et al., 2010), there is a lack of objective data to support this. In this study, it is expected that 
children with congenital hemiplegia who are reported by their caregivers to have higher levels of 
motivation at baseline will demonstrate greater improvement in achievement of individualised 
outcomes following UL intervention than children with lower levels of motivation. 
Methods: A RCT entitled COMBiT: A randomised comparison trial of COMbined modified 
constraint induced movement therapy and bimanual intensive training with distributed model of 
standard upper limb rehabilitation in children with congenital hemiplegia (NHMRC 1003887) will 
be conducted. COMBiT will compare an intensive block of group-based UL rehabilitation training 
delivered in an intensive 2 week day-camp model using a circus theme (hCIMT) with an 
individualised distributed model of standard occupational therapy (OT) care (SC). The two 
interventions include: 
Treatment 1: Hybrid CIMT combines two UL training approaches: (1) modified Constraint 
Induced Movement Therapy (mCIMT) involves restraining the unimpaired hand in a glove-like 
splint to allow intense training and practise of skills on the impaired side for 5 days (6 hours/day) 
followed by an equal dose of (2) bimanual UL training (BIM) which encourages use of both hands 
in two-handed activities. Hybrid CIMT utilises a group-based, intensive block model of service 
delivery and provides 45 hours of direct UL training and 10 hours of general UL strengthening 
activities. 
Treatment 2: Standard Care involves six individually tailored OT sessions in combination 
with a 12 week home program to deliver an equal dose (45 hours) of UL training, utilising an 
individual, distributed model of service delivery.  
Caregivers will complete a measure of their child’s mastery motivation (DMQ), an 
assessment of parenting style, and a study questionnaire prior to the camp. Children will perform 
assessments of UL activity and performance at baseline that will be scored by masked certified 
raters blinded to group allocation. Children and their caregivers will set individualised goals prior to 
the camp that will be evaluated for performance and satisfaction at 13 and 26 weeks post-
intervention. 
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Aim 6: To determine if mastery motivation measured at baseline using the DMQ can 
predict therapy engagement (measured by the Pediatric Volitional Questionnaire) in two different 
goal-directed UL interventions for children with congenital hemiplegia. 
Hypothesis: Children with greater mastery motivation at baseline will demonstrate greater 
engagement in therapy. Children participating in hCIMT will be more engaged in goal-directed 
therapeutic activities than children in SC. 
Rationale: To maximise rehabilitation benefits, children must be actively involved or 
engaged in the therapeutic process (Poulsen, Ziviani, & Cuskelly, 2013). Therapy engagement can 
be influenced by children’s motivation, interest in, and persistence with rehabilitation activities, as 
well as the quality of the relationship formed with the therapist (Lawlor, 2012; Poulsen et al., 2013). 
Children’s motivation to engage in therapy may also be enhanced or hindered by the socio-cultural, 
physical, and temporal environments in which therapy occurs (Dunn & Ziviani, 2013; Poulsen, 
Rodger, & Ziviani, 2006). The relationship between mastery motivation and children’s actual 
engagement in therapy is yet to be understood. 
Methods: Caregivers will complete the Dimensions of Mastery Questionnaire (DMQ) 
parent proxy-report at baseline. Within the RCT COMBiT, children will participate in either an 
intensive group-based (hCIMT) or distributed individualised (SC) model of UL intervention. 
Children’s engagement in therapy will be independently rated using the Pediatric Volitional 
Questionnaire (PVQ) (Basu, Kafkes, Schatz, Kiraly, & Kielhofner, 2008). Relationships between 
children’s engagement and mastery motivation within the two different therapeutic contexts will be 
examined. 
1.4 Format of Thesis 
This thesis is presented as a series of chapters, seven of which are comprised of papers 
(either published, in press, or under review) in international peer-reviewed journals. Chapter 2 is a 
review of the literature which attends to mastery motivation in children with CP and the contextual 
factors associated with mastery motivation and child outcomes. Chapter 3 comprises a published 
systematic review evaluating the clinimetric properties of measures of motivation for school-aged 
children with a physical disability or motor delay (thesis aim one). Its purpose was to inform the 
choice of measures of motivation for the RCT. Chapter 4 presents the published COMBiT study 
protocol outlining background information, design, and instrumentation for the larger RCT within 
which this doctoral research project is embedded. This chapter also details critical pathways and 
statistical considerations relevant to this thesis. In Chapters 5 through 9, the aims of the thesis are 
systematically addressed. Chapter 5 constitutes a published paper addressing thesis aim two. In this 
chapter, the test-retest reproducibility and parent-child concordance of the DMQ is investigated for 
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this study sample. Chapters 6, 7, 8 and 9 comprise the results of one cross-sectional and three cohort 
studies. Chapter 6 reports a study of cross-sectional data from children attending baseline 
assessments for the randomised trial examining the relationship between contextual (individual and 
environmental) factors and mastery motivation (thesis aim three). Chapters 7 and 8 comprise two 
papers. The first manuscript (published) is a cohort study investigating the relationships between 
mastery motivation and occupational performance outcomes at 13 weeks post-intervention (thesis 
aim four). The second manuscript (under review) extends this investigation to examine the 
relationship between mastery motivation and occupational performance outcomes immediately post 
and 26 weeks following UL intervention (thesis aim five). Chapter 9 comprises a paper (under 
review) that discusses the importance of therapeutic context when delivering interventions and 
highlights relationships between children’s mastery motivation and engagement in therapy (thesis 
aim six). Chapter 10, the final chapter, links results from the papers and synthesises research 
findings, highlights the implications of results for clinical practice, identifies limitations of the 
current study, and discusses recommendations for future research. 
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Chapter 2: Literature Review 
2.1 Introduction 
In this chapter an overview of mastery motivation is provided and a conceptual framework 
is proposed for understanding the influence of children’s mastery motivation on occupational 
performance outcomes following UL intervention. A definition of mastery motivation and a brief 
overview of its historical background are then presented. This is followed by a review of the 
literature pertinent to the measurement of mastery motivation in children and youth and the level of 
mastery motivation in children with disabilities, specifically CP. Finally, current knowledge of the 
influence of family ecology on mastery motivation is explored as well as the relationship between 
children’s mastery motivation, engagement, and the therapeutic environment.   
2.2 Mastery Motivation 
2.2.1 Definition of mastery motivation. 
Mastery motivation is defined as an intrinsic driving force that provides individuals with the 
incentive and encouragement to independently act, explore, and attempt to master challenging tasks 
in the environment (Morgan et al., 2009). In children, mastery motivation is central to learning new 
skills, mastering problems, and becoming an effective individual who can adapt to a changing 
environment and achieve competence in their world (Deci, 1975; Messer, 1993). Mastery 
motivation comprises two specific aspects: (1) instrumental and (2) expressive. The instrumental 
aspect focuses on children’s goal-directed pursuit to solve problems and master moderately 
challenging tasks in a persistent, energised, and directed way (Morgan et al., 1990). The 
instrumental aspect requires both physical (fine and gross motor persistence) and psychological 
(cognitive and social-oriented persistence) effort and purposeful goal-oriented behaviour, directed 
at achieving success (Majnemer, 2011). To demonstrate behaviours associated with the instrumental 
aspect of mastery motivation, a child needs to be faced with an optimal task challenge where some 
success is possible but where complete success requires persistence, task-direction, and goal-
oriented problem solving (Morgan et al., 2009). Focussed effort and time is required to solve the 
problem or master a skill or task that must be at least moderately challenging relative to a child’s 
developmental level (Redding, Morgan, & Harmon, 1988). A core construct of mastery motivation 
is task-directed attempts to try to solve the problem rather than whether or not it is actually solved. 
As such, the process and effort a child uses in developing skills are important features of the 
instrumental aspect of mastery motivation (Morgan et al., 1990; Morgan, MacTurk, & Hrncir, 
1995). The expressive aspect of mastery motivation encompasses the affective display of emotional 
responses and feelings associated with task persistence and mastery attempts including pleasure, 
interest, engagement, pride, negative reactions to failure, frustration, and shame (Barrett, Morgan, 
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& Maslin-Cole, 1993; Morgan et al., 1990; Morgan et al., 1995). Individual differences in mastery 
motivation across both the instrumental and expressive aspects have been associated with varying 
developmental, academic, social, and emotional outcomes (Wigfield & Eccles, 2000). The impact 
of mastery motivation on therapy outcomes following intervention, however, is unknown. 
Attending to this gap in knowledge is the primary purpose of this doctoral program. 
2.2.2 Historical perspectives of mastery motivation.  
The intrinsic drive to improve and achieve skills, solve problems and master tasks, increase 
knowledge, adapt, and become competent in the environment, is a defining characteristic of 
humans. A number of terms have been utilised in the literature to describe this energised, directed, 
and persistent behaviour, reflecting different theoretical perspectives and conceptualisations of 
motivation. Robert White (1959) was the first to challenge the orthodox drive reduction theories of 
motivation highlighting that they failed to explain the intrinsic desire of humans to obtain 
knowledge, interact effectively, seek novelty and explore, manipulate, and master the environment. 
To address these limitations, White (1959) developed an influential conceptualisation of mastery 
motivation based on an individual’s disposition toward effecting change and achieving competence 
in a varying environment. In this conceptualisation, feelings of self-efficacy both maintained and 
fuelled the behaviour to continue with challenging activities until they were mastered. Known as 
effectance or competence motivation, this conceptualisation of motivation suggested interactions 
with the environment were purposeful, goal-directed and organised, persisting not due to an innate 
primary drive but rather an intrinsic need to effectively adapt to the environment (White, 1959). 
These effective interactions with the environment produced positive affective responses and 
emotional reactions. The pleasure associated with successful engagement with the environment was 
evidenced by behaviours such as smiling and laughing (White, 1959). To separate competence from 
motivation and consider them as two separate yet interrelated constructs, White (1959) argued 
effectance motivation was representative of the processes through which a child strives to develop 
skills and become a competent and independent individual in the world, rather than the actual 
acquisition of the skill itself (competence) (White, 1959).  
To expand White’s understanding of effectance motivation, Hunt (1965) drew on the 
theories of Piaget and cognitive psychology proposing that motivation resulted from both internal 
and external factors related to incongruities against a standard and norm, identified through 
cognitive processes. This perspective defined humans’ thirst for knowledge and internal drive to 
master novel aspects of the environment when biological needs were met as intrinsic motivation 
(Hunt, 1965). A developmental progression of intrinsic motivation in the first two years of life was 
then formulated suggesting humans’ internal drive for psychological growth throughout life was 
based on an interest in the novel and challenging (Hunt, 1965). 
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Motivation is an internal phenomenon only observable through specific behaviours; hence 
despite considerable theoretical interest at this time, empirical research into motivation was 
hindered by difficulties with objective assessment. In an attempt to translate the theoretical 
conceptualisations of White (1959) and Hunt (1965) into specific hypotheses and objective 
measures for use in empirical research, Harter (1974) and Yarrow (1975) proposed models of 
motivation based on observable behaviours within a developmental framework.  
Harter (1974) emphasised the social basis and acquired nature of motivation, and identified 
ways in which the development of motivation may be enhanced or hindered. She suggested 
individuals have an intrinsic desire to solve challenging problems for the inherent gratification of 
finding a solution and the subsequent pattern of success and reinforcement that follows (Messer, 
1993). Behaviours such as preference for challenge, curiosity, and working for one’s own 
satisfaction were reflective of this stance. Harter’s research also explored how children’s motivation 
differed as they matured. She reported that older children (10 years of age) preferred tasks requiring 
them to solve cognitively challenging problems that they persisted with, in an effort to find a 
solution, before moving on to another task or problem. In comparison, younger preschool-aged 
children persisted with activities that were interesting and stimulating regardless of the type of 
problem. Harter (1975) also investigated the relationship between task difficulty and task pleasure. 
She found that children derived greatest pleasure from finding solutions to more challenging tasks 
rather than solving an easy problem (Harter, 1975).  
Yarrow (1975) also suggested individuals had an internal motive to explore, play, and 
master challenges with behaviours such as exploration, curiosity, preference for novelty, and goal-
directed actions indicative of intrinsic motivation. Furthermore, he instigated the concept of task-
directed behaviour, or persistence in attempts to solve tasks, as the primary measure of motivation 
in young children. The process of persisting with a task in order to master it (rather than the 
outcome of solving it) became known as mastery motivation (Messer, 1993). Numerous studies of 
mastery motivation in infants and toddlers followed utilising the concept that duration of task-
directed behaviours and the associated process of persistence were the primary measures of 
motivation (Gaiter, Morgan, Jennings, Harmon, & Yarrow, 1982; Jennings, Harmon, Morgan, 
Gaiter, & Yarrow, 1979; Yarrow et al., 1983). Whilst it was acknowledged that tasks needed to be 
sufficiently challenging for children in order to elicit persistent goal-directed behaviour, it was not 
until the early nineties when Morgan and colleagues (1992) considered the individual cognitive 
differences of children in the assessment of mastery motivation. Consequently, an individualised 
method of assessment was developed, presenting individually determined tasks that were at least 
moderately challenging for each child (Morgan et al., 1995). Following this, research into mastery 
motivation expanded to better reflect the multifaceted nature of motivation and considered the 
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motivational dispositions of children within a broader developmental framework (Barrett et al., 
1993; Morgan et al., 1993). Over the past two decades, the key components of mastery motivation 
have consistently included persistence in social interactions, object-oriented and gross motor tasks; 
as well as the affective aspects of task mastery (task pleasure and negative reactions). This has 
broadened the conceptualisation of mastery motivation to include both instrumental and expressive 
aspects that are reflected in the definition and measures of mastery motivation utilised in current 
clinical research (MacTurk & Morgan, 1995; Morgan et al., 2009; Morgan et al., 1993). 
2.2.3 Measuring mastery motivation in children and youth. 
The contribution of mastery motivation to therapeutic outcomes following intervention 
remains largely unexplored due to the challenges faced when measuring such a complex construct. 
Energised, directed, and sustained action incorporating physical gestures and emotional responses 
are the behavioural manifestations of mastery motivation. Consequently, direct observation of a 
child’s behaviour has been the primary means of measuring mastery motivation in infants and 
toddlers since the late eighties (Jennings, Connors, & Stegman, 1988; Morgan et al., 1992; Skinner, 
Kindermann, Connell, & Wellborn, 2009). Persistence in the face of challenge is considered a key 
aspect of mastery motivation with object-oriented persistence the most salient aspect measured in 
empirical research (Gilmore & Cuskelly, 2011; Hauser-Cram et al., 2001). More recently, 
persistence with motor performance and social involvement have evolved as important components 
of the instrumental aspect of mastery motivation (Morgan et al., 2009; Morgan et al., 1990). The 
less established aspect of mastery motivation is affective responses to mastery or pleasure 
demonstrated during task-directed behaviour. This expressive aspect of mastery motivation has 
received less attention in empirical studies due to difficulties with measurement and interpretation 
of affective responses (Gilmore, Cuskelly, & Hayes, 2003; Hauser-Cram, 1993).  
Experimental measurement of mastery motivation is typically conducted using a set of 
structured tasks that are individually tailored for young children to ensure they are moderately 
challenging and persistent goal-oriented problem solving is required to achieve success (Morgan et 
al., 1992). Measurement of a child’s mastery motivation in a standardised experimental setting, 
however, can be considered to focus on the child’s capacity (ability in a standardised environment) 
rather than performance (what they actually do in the real environmental context) (World Health 
Organisation, 2001). In comparison, observational studies of young children’s motivation involves 
measurement of children’s exploratory play within a free-play setting, where both quantitative (time 
spent in activities) and qualitative (continuity of play and cognitively mature play) aspects of 
exploration are measured (Jennings et al., 1988; Jennings et al., 1979). In recent years, 
parent/teacher proxy-report and self-report questionnaires have emerged as measures of mastery 
motivation in children and youth documenting response to real life situations. Although not without 
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their own shortcomings (e.g., respondent bias, poor parent-child concordance), these questionnaires 
provide an alternative measure of children’s mastery motivation across everyday activities and 
actual performance during task-directed activities. 
Measurement of mastery motivation in infants and toddlers has received considerable 
empirical research over the past few decades (Barrett et al., 1993; Gaiter et al., 1982; Harmon, 
Morgan, & Glicken, 1984; MacTurk & Morgan, 1995; Maslin-Cole, Bretherton, & Morgan, 1993; 
Morgan et al., 1992; Morgan et al., 1990; Pipp-Siegel, Sedey, VanLeeuwen, & Yoshinaga-Itano, 
2003; Redding et al., 1988). There is, however, a paucity of literature discussing the measurement 
of mastery motivation in school-aged children with a physical disability or motor delay. To further 
explore this gap in knowledge this doctoral program conducted a systematic review of measures of 
mastery motivation, the results of which are presented in Chapter 3. 
2.2.4 Mastery motivation in children with developmental disabilities. 
Research investigating mastery motivation in children with developmental disabilities has 
resulted in ambiguous findings. Some studies have found no differences between children with 
developmental disabilities and their typically developing peers, while others report children with 
developmental disabilities as having lower mastery motivation (Cuskelly, Gilmore, & Carroll, 
2013). These differences are largely the result of varied research methodologies and/or 
measurement tools. Studies utilising parent proxy-report of children’s mastery motivation have all 
found significant motivational weaknesses in children with Down syndrome (Gilmore & Cuskelly, 
2011; Gilmore, Cuskelly, & Hayes, 2003), Autism Spectrum Disorder (Morgan, Wang, & Nelson, 
2010), developmental disabilities (Morgan, Wang, Xu, & Liao, 2013) and CP (Majnemer, Shevell, 
et al., 2010; Majnemer et al., 2013) when compared to their typically developing peers. Earlier 
reports observing atypically developing children during free-play also found that these children 
demonstrated less mastery motivated behaviour (Greenberg & Field, 1982; Harter & Zigler, 1974; 
Heffernan, William, & Poche, 1982; Jennings et al., 1988). These findings have considerable 
educational, health, and well-being implications for children who are already vulnerable for 
learning and developmental delay (Committee on Integrating the Science of Early Childhood 
Development, 2000; Gilmore, Cuskelly, & Purdie, 2003; Hauser-Cram et al., 2001; Jennings et al., 
1988; Morgan, Harmon, Pipp, & Jennings, 1983). In comparison, studies reporting the mastery 
motivation of children with developmental disabilities measured using structured tasks in 
experimental settings identified children’s mastery motivation to be similar to that of typically 
developing children matched for mental age (Blair, Greenberg, & Crnic, 2001; Gilmore & Cuskelly, 
2011; Glenn, Dayus, Cunningham, & Horgan, 2001; Hauser-Cram, 1996). 
One possible explanation for the differences between studies utilising parental reports of 
mastery motivation versus experimental settings is related to parental expectations of mastery 
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motivation. Parents often compare their child with a disability to typically developing peers and 
consequently consider their child to demonstrate less mastery motivated behaviours, such as 
reduced persistence with challenging tasks. In experimental studies where no differences were 
found, children with disabilities were compared to typically developing, mental age-matched peers; 
hence, differences in cognitive abilities were controlled. These experimental studies utilised 
individualised tasks to optimise challenges within a standardised assessment procedure (Morgan et 
al., 1992) and consequently, children were able to demonstrate their capacity to persist with 
challenging tasks. Determining children’s level of mastery motivation within these controlled and 
structured environments whilst useful is not reflective of their actual performance when completing 
the tasks they want to do, need to do, and are expected to do within their individual, changing, and 
unstructured environments. Consequently, parental reports of children’s mastery motivation within 
everyday activities in addition to a child’s self-report of their own mastery motivation are important 
perspectives to consider when measuring mastery motivation. 
2.2.5 Mastery motivation in children and youth with cerebral palsy. 
In contrast to the depth of empirical research conducted in typically developing infants and 
toddlers and more recently, young children with developmental disabilities, there is only emerging 
research investigating mastery motivation in school-aged children and adolescents with CP. To 
date, only four studies have reported levels of mastery motivation in this population (Majnemer, 
Shevell, et al., 2010; Majnemer et al., 2013; Yap et al., 2010) including the paper comprising 
Chapter 6 of this thesis (Miller, Ziviani, Ware, & Boyd, 2014b). This recent interest in mastery 
motivation in children with CP has arisen due to an increased need to understand the determinants 
of activity, participation, and quality of life of children and youth with this life-long condition. 
A cross-sectional study investigating the level of mastery motivation (n=74) in school-aged 
children across the spectrum of severity of CP in Canada found that these children had lower levels 
of mastery motivation in activities that were cognitively-oriented, involved gross motor skills, and 
required social persistence when compared to their typically developing peers (Majnemer, Shevell, 
et al., 2010). In children with CP, higher levels of mastery motivation have been linked to fewer 
activity limitations (Majnemer, Shevell, et al., 2010), greater social and recreational participation 
(Majnemer et al., 2008), and a preference for skill-based and/or active physical leisure activities 
(Majnemer, Shikako-Thomas, et al., 2010). Children with CP who were reported by their caregivers 
as having greater persistence in performing tasks also demonstrated better physical functioning and 
psychosocial wellbeing (Majnemer et al., 2008). The picture is similar in adolescents with CP 
(n=153) with parents reporting significantly lower levels of persistence demonstrated by their 
adolescent children when compared with typically developing peers. Adolescents with CP reported 
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their mastery motivation as higher than that reported by their parents, but still lower than their 
typically developing peers (Majnemer et al., 2013). 
Determining children’s actual level of mastery motivation is challenging. These findings, 
however, highlight the importance of mastery motivation to children with CP’s engagement in 
activities and participation in everyday life. A paucity of evidence remains regarding the extent to 
which mastery motivation may impact activity, participation, and occupational performance 
following intervention. Reduced mastery motivation combined with repeated experiences of failure 
may limit the willingness of a child with a disability to persist with and practise challenging tasks 
that will assist in motor skill development and overall competence. Low levels of mastery 
motivation may also impact children’s self-efficacy and sense of personal accomplishment, factors 
which are known to promote participation, life satisfaction, and wellbeing (Majnemer, 2011; 
Shikako-Thomas et al., 2013). Consequently, rehabilitation efforts that focus on effecting change 
across all areas of occupational performance must give due consideration to the contextual factors 
impacting intervention outcomes. Attending to this gap in knowledge regarding the impact of 
mastery motivation on therapy outcomes following UL intervention is the primary focus of this 
doctoral project and is reported in Chapters 7 and 8. 
2.3 Mastery Motivation and the Family Environment 
There is emerging evidence suggesting children with CP differ significantly in their mastery 
motivation and overall competence when compared with typically developing peers (Majnemer, 
Shevell, et al., 2010; Majnemer et al., 2013; Yap et al., 2010). Differences in mastery motivation 
have also been associated with the topographical distribution of CP (Majnemer, Shevell, et al., 
2010). To explain individual differences in children’s mastery motivation, it is necessary to 
investigate the personal and environmental characteristics of children in search of contextual factors 
that may facilitate or hinder the development of mastery motivation. One contextual factor known 
to influence child development, health, and wellbeing is family ecology (Bronfenbrenner, 1979; 
Committee on Integrating the Science of Early Childhood Development, 2000; Hauser-Cram et al., 
2001). Although only one context in which child development occurs, family is the principal 
environment in which human development takes place (Bronfenbrenner, 1986). Family ecology 
refers to the interactions and interdependence between the individual family members, the family as 
a whole, and their environment (Bronfenbrenner, 1979). It is thought to influence children’s 
participation in recreational and social activities (Palisano et al., 2011), activities of daily living 
(King et al., 2006), and acquisition of motor abilities for children with CP (Bartlett & Palisano, 
2002). One aspect of family ecology is family resources, and these can be divided into family 
structure resources or family process resources (Amato & Ochiltree, 1986). Family structure 
21
  
resources refer to aspects of the family that a child cannot change. These include family income, 
social-cultural structure, parents’ education and occupational status, and family composition (two-
parent or single-parent family; with or without siblings). In comparison, family process resources 
are dynamic and changeable interpersonal resources (Amato & Ochiltree, 1986). These include 
parenting practices (expectations and beliefs), child-parent relationship, parenting style, support, 
and family cohesion. Family process resources, particularly parenting style, are considered 
significant contributors to child development and behaviour in both typically developing children 
and children with disabilities and/or behaviour difficulties (Dittman, Farruggia, Palmer, Sanders, & 
Keown, 2014; Guralnick, 2001). Variability in child outcomes, especially children’s behaviour, is 
hypothesised to be impacted, in part, by these family processes (Gardner, Hutchings, Bywater, & 
Whitaker, 2010; Hauser-Cram et al., 2001).  
Compared with caregivers of typically developing children, parents of children with a 
disability are thought to experience greater parenting challenges (Lach et al., 2009) including 
increased grief, burden of care, and management of medication and therapy services (Eakes, Burke, 
& Hainsworth, 1998). Although increased sorrow and stress does not characterise all families of a 
child with a disability, caregivers of children with CP are reported to experience symptoms of 
chronic sorrow that persists as children mature (Whittingham, Wee, Sanders, & Boyd, 2013) and 
greater levels of anxiety and depression (Barlow, Cullen-Powell, & Cheshire, 2006) than caregivers 
of typically developing children. These parenting challenges may negatively impact family 
processes, in particular parenting behaviours (Garner et al., 2011). Caregivers of children with 
neurodevelopmental disorders and/or externalising behaviour problems are reported to demonstrate 
less effective parenting behaviours (including less positive interactions and less consistency) than 
parents of typically developing children (Garner et al., 2011). Considering children with CP are 
more likely to demonstrate externalising behavioural and emotional problems than typically 
developing peers (Carlsson, Olsson, Hagberg, & Beckung, 2008), it is reasonable to assume 
caregivers of children with CP will experience greater parenting challenges and engage in less 
effective parenting behaviours than caregivers of children without a disability. This may have 
significant implications for the development of mastery motivation in children with CP, which 
could potentially hinder their willingness to persist with challenging tasks during therapy.  
2.3.1 Parenting styles and mastery motivation. 
Children’s interactions with significant caregivers and the family climate (organisation, 
structure, and tone of interactions) play an important role in the development of (1) mastery 
behaviours in young children (Heckhausen, 1993; Maslin-Cole et al., 1993); (2) academic, social, 
and skill-based competence (Amato & Ochiltree, 1986); and (3) overall child development 
(Guralnick, 2001). To date, research regarding the influence of parenting behaviours on the 
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development of children’s mastery motivation has predominantly focused on mothers’ interactions 
and behaviours with infants and toddlers (Busch-Rossnagel, Knauf-Jensen, & DesRosiers, 1995; 
Gaiter et al., 1982; Liao & Morgan, 2014; Maslin-Cole et al., 1993; Redding, Harmon, & Morgan, 
1990; Young & Hauser-Cram, 2006). Relatively less is known about the impact of parenting styles 
on the mastery motivation of older school-aged children. When exploring the elements of parenting 
on children’s mastery motivation, two key parenting dimensions can be identified: (1) parental 
warmth, responsivity, involvement, and child-centeredness and (2) parental control, authority, and 
demandingness (Baumrind, 1991; Grolnick, 2003). Three parenting typologies have arisen from 
these dimensions: (1) authoritative, (2) authoritarian, and (3) permissive parenting (Baumrind, 
1978, 1991). Authoritative parenting is characterised by high responsiveness and high 
demandingness; permissive parenting is characterised by low demandingness and high 
responsiveness; and authoritarian parenting is high demandingness and low responsiveness 
(Baumrind, 1978). Consistent evidence supports the positive relationship between authoritative 
parenting styles and better psychological, behavioural, and performance outcomes in children and 
youth (e.g., Baumrind, 1991; Collins, Maccoby, Steinberg, Hetherington, & Bornstein, 2000; 
Jeynes, 2010).  
A comprehensive exploration of parenting styles is outside of the scope of this review, 
however, it is important to understand the potential influence of parenting characteristics on the 
development of mastery motivation in children with CP. To the best of the author’s knowledge, 
there are currently no studies exploring the relationship between parenting styles and mastery 
motivation in children with CP. Literature investigating these relationships in children with other 
developmental disabilities was therefore examined to inform this doctoral program.  
Parents of children with disabilities have been reported to be more directive, intrusive, and 
less supportive of autonomy in comparison to parents of typically developing children (Glenn et al., 
2001; Roach, Barratt, Miller, & Leavitt, 1998). Contrary to these findings, the maternal style of 
mothers of young children with Down syndrome showed no differences when compared to those of 
typically developing mental age-matched peers (Gilmore, Cuskelly, Jobling, & Hayes, 2009). An 
explanation for these contradictory study findings could be in inconsistent terminology when 
discussing maternal style and differences in study methodology (Gilmore et al., 2009). Children’s 
persistence as a consequence of maternal support for autonomy and directiveness was observed in 
children with Down syndrome, but not for typically developing children (Gilmore et al., 2009). 
Children with Down syndrome whose mothers were more supportive of their autonomy 
demonstrated greater persistence when independently working on a challenging task than children 
of mothers who were more directive (Gilmore et al., 2009). It is argued when children’s autonomy 
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is undermined and parental directedness increased, children’s willingness to persist with 
challenging tasks is reduced (Deci & Ryan, 2000; Moorman & Pomerantz, 2008). 
 In young children, mother directiveness and mixed affective exchanges between maternal 
caregivers and children have been associated with lower independent mastery behaviours and 
reduced persistence (Morgan et al., 1993). In comparison, positive interactions between mothers 
and children, together with active parental attempts to encourage mastery motivation in the early 
years, positively influences a child’s willingness to independently persist with challenging tasks in 
later childhood (Maslin-Cole et al., 1993). In typically developing children and children with Down 
syndrome and/or intellectual impairment, non-intrusive assistance and encouragement, praise, 
demonstrating effective strategies, giving information and suggestions, and supporting autonomy in 
task situations are parenting styles reported to positively influence mastery motivation (Frodi, 
Bridges, & Grolnick, 1985; Grolnick, Frodi, & Bridges, 1984; Grolnick & Ryan, 1989). In 
comparison, when the parental style is intrusive, critical, and/or highly directive, a child’s mastery 
motivation may suffer (Committee on Integrating the Science of Early Childhood Development, 
2000). Despite researchers highlighting the importance of maternal styles on mastery motivation in 
typically developing children and children with Down syndrome and/or intellectual impairment, 
there is a lack of understanding of the impact of parenting styles on the mastery motivation of 
children with CP, who present with more pronounced movement and activity limitations. The way 
and extent to which parenting styles of caregivers of children with CP impact children’s willingness 
to persist with challenging tasks may have significant clinical implications in UL rehabilitation. 
Addressing this gap in knowledge underpins the cross-sectional analysis undertaken as part of this 
doctoral project presented in Chapter 6. 
2.4 Mastery Motivation, Engagement, and the Therapeutic Environment 
One approach to understanding children’s mastery motivation to engage in therapy is by 
drawing on Self Determination Theory (SDT) (Deci & Ryan, 2000). Like the conceptualisation of 
mastery motivation, SDT recognises children’s psychological need to feel competent as a 
significant driver of intrinsically motivated behaviour. Self Determination Theory expounds the 
conceptualisation of mastery motivation to include two additional psychological needs: (1) the need 
for independent, individual choice (Autonomy); (2) the need to belong and feel related to those 
around us (Relatedness); as well as (3) the need for skill mastery and achievement of goals 
(Competence) (Deci & Ryan, 2000). When the environment (family, social, school, therapy) 
supports these three innate needs by providing opportunities for choice, social and environmental 
support, and independent mastery of meaningful goals, then motivation to engage, learn, and adapt 
results (Grolnick, 2003; Ziviani, Poulsen, King, & Johnson, 2013). Three dimensions of the 
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environment that support these psychological needs are (1) autonomy-support versus control, (2) 
structure, and (3) social supports and interactions (Dunn & Ziviani, 2013; Grolnick, 2003; Poulsen 
et al., 2013). These dimensions are fundamentally important within the family environment to 
promote child development, mastery motivation, and wellbeing (Grolnick, Friendly, & Bellas, 
2009). As highlighted previously, family environments that support independent mastery of 
challenging tasks within an atmosphere of warmth, responsiveness, and belongingness are most 
conducive to the development of children’s mastery motivation and competence (Amato & 
Ochiltree, 1986).  
Within the context of motor rehabilitation interventions, the therapeutic environment plays 
an important role in the enhancement of children’s mastery motivation (Dunn & Ziviani, 2013). 
Clinicians have the ability to carefully construct therapeutic environments that provide children 
with opportunities for choice, social interaction and support, and structure activities in a way that 
enhance their self-efficacy (Ziviani et al., 2013). Therapeutic environments with these dimensions 
can promote engagement in therapy tasks (Dunn & Ziviani, 2013). 
Engagement can be described as active involvement in an activity requiring deliberate 
effort, action, and a sense of commitment and emotional connection (Lequerica & Kortte, 2010). It 
incorporates the elements of interest, motivation, persistence, and effort (Lequerica et al., 2006) and 
is therefore closely aligned with the conceptualisation of mastery motivation. Motivated 
engagement in therapeutic activities is reported to optimise functional outcomes (Lequerica et al., 
2006) and promote participation in meaningful life activities (Dunn & Ziviani, 2013; Poulsen et al., 
2006). Indicators of therapeutic engagement can be observed at the interface of the person and their 
therapy environment (Lequerica & Kortte, 2010), however, it is a very complex construct to 
measure. Although there are well-developed theoretical understandings of the importance of 
children’s motivation, (Deci & Ryan, 2000), the environment, (e.g., Dunn & Ziviani, 2013; 
Grolnick, 2003), and engagement (King, Currie, & Petersen, 2014) on optimal therapy outcomes, 
limited studies have objectively examined the relationships between these key elements.  
To optimise treatment outcomes there is a need to more fully understand the relationship 
between children’s mastery motivation and engagement in therapy. Furthermore, increased 
knowledge of the potential impact of the therapeutic environment to enhance or hinder children’s 
mastery motivation is required. The final study comprising this thesis explores this gap in the 
literature and is reported in Chapter 9. 
2.5 Summary and Implications 
This literature review identified substantial gaps in knowledge and highlighted the potential 
to make an important contribution to understanding why some children with CP succeed in UL 
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therapy and others do not. This is a population where significant resources (time, financial, human) 
are dedicated to improving functional outcomes, with much of the current literature focusing on 
type, model, intensity, dosage, and more recently density of UL training. Few differences in 
treatment effect have been identified between the two key interventions of CIMT and BIM 
(Sakzewski, Gordon, et al., 2014; Sakzewski, Ziviani, et al., 2014), raising important questions 
regarding what other contextual factors may impact UL therapy outcomes. Research investigating 
the role of individual child characteristics and environmental factors (contextual factors) on therapy 
outcomes is warranted to assist clinicians make sound clinical decisions regarding which UL 
interventions and service delivery models will be most beneficial to different children with 
congenital hemiplegia, in order to achieve optimal outcomes and maximise participation in 
meaningful life activities. Key gaps in the literature requiring attention include the following: 
 Measurement of mastery motivation in children is complex and it is unclear what tools have 
the best psychometric properties for measuring mastery motivation in children with 
congenital hemiplegia. Knowledge of valid and reliable measures of mastery motivation is 
required to accurately distinguish different levels of mastery motivation in children. 
 The ability to persist with challenging activities in the face of failure is critical to the 
development of UL skills for children with congenital hemiplegia. The evidence base 
detailing how children with congenital hemiplegia persist with challenging tasks is limited. 
Investigation of mastery motivation in children with congenital hemiplegia will contribute to 
this emerging evidence. 
 The impact of mastery motivation on UL therapy outcomes is currently unknown. To 
optimise UL rehabilitation outcomes, it is necessary to understand the impact of children’s 
persistence on achievement of meaningful functional goals. School-aged children with 
congenital hemiplegia are at a life stage where acquisition of bimanual UL skills and 
independent functioning, particularly in the domain of self-care, is of increasing importance. 
Should children’s motivational predisposition be identified as significantly impacting 
therapy outcomes, clinicians could better tailor intervention modalities and service delivery 
models to maximise engagement in therapy and optimise rehabilitation outcomes. 
 There is a growing awareness of the influence of environmental factors on children’s 
mastery motivation and the role of this in rehabilitation efforts. Empirical research 
investigating the potential contribution of aspects of the child’s environment on mastery 
motivation and engagement in therapy is now required. This knowledge will facilitate 
accurate clinical decision-making regarding design and implementation of UL interventions 
that address the psychological needs of the child and support families throughout the 
intervention process. 
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To date there have been no investigations of the impact of mastery motivation on therapy 
outcomes and the relationships between mastery motivation and individual and environmental 
factors in school-aged children with congenital hemiplegia. A consistent limitation of all 
intervention studies in this population, and children with disabilities in general, is the subjective 
discussion of children’s motivation as a contributor to engagement in therapeutic activities and 
therapy outcomes with no objective measurement of mastery motivation utilising psychometrically 
sound measurement tools to substantiate claims. This lack of empirical research has limited our 
understanding of why some children succeed in therapy and others do not, and reduced our capacity 
to design interventions that are responsive to the motivational predispositions of individual children. 
This doctoral program aims to address this significant gap in the literature and provide unique 
knowledge to inform clinical practice in UL rehabilitation and guide future research investigating 
the efficacy of UL interventions and rehabilitation practices for children with CP. 
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Chapter 3: Systematic Review of Measurements of Motivation 
3.1 Introduction to Chapter 3 
This chapter comprises the published paper A systematic review of clinimetric properties of 
measurements of motivation for children aged 5-16 years with a physical disability or motor delay. 
Children’s individual motivational dispositions are not only a mental function within the ICF, but 
also a personal factor that may influence their health state. The importance of children’s motivation 
as an influence on child outcomes is highlighted in the literature. Measurement of motivation is a 
complex task, and many studies have not objectively measured children’s motivation using 
psychometrically sound assessment tools. The rationale for this study was to identify valid and 
reliable measures of motivation available for use in a RCT of UL rehabilitation for children with 
congenital hemiplegia. It was therefore necessary to conduct a comprehensive and systematic 
search of the literature to determine what measures of motivation were available, and evaluate their 
clinimetric properties relevant to school-aged children with a physical disability or motor delay. 
3.2 Paper 1: A Systematic Review of Clinimetric Properties of Measurements of 
Motivation for Children Aged 5-16 years with a Physical Disability or Motor Delay 
This article was published in Physical and Occupational Therapy in Pediatrics in 2014. 
Miller, L., Ziviani, J., & Boyd, R. N. (2014). A systematic review of clinimetric properties 
of measurements of motivation for children aged 5-16 years with a physical disability or motor 
delay. Physical and Occupational Therapy in Pediatrics, 34(1), 90-111. doi: 
doi:10.3109/01942638.2013.771720 
Copyright clearance to include this publication in the thesis was obtained from Informa 
Healthcare via Rightslink on April 8th, 2014. 
  
29
Physical & Occupational Therapy in Pediatrics, 34(1):90–111, 2014
C© 2014 by Informa Healthcare USA, Inc.
Available online at http://informahealthcare.com/potp
DOI: 10.3109/01942638.2013.771720
REVIEW
A Systematic Review of Clinimetric Properties of
Measurements of Motivation for Children Aged
5–16 Years with a Physical Disability or Motor
Delay
Laura Miller, MHSM, BSc (OT)1, Jenny Ziviani, PhD, MEd, BA, BAppSc (OT)2, &
Roslyn Nancy Boyd, PhD, MSc (Physio), Pgrad (Biomech), BAppSci (PT), BSc (Anatomy)1
1Queensland Cerebral Palsy and Rehabilitation Research Centre, School of Medicine,
The University of Queensland, Royal Children’s Hospital, Brisbane, Australia,
2Queensland Children’s Allied Health Research, Queensland Health, Brisbane,
Australia, School of Health and Rehabilitation Sciences and Queensland Children’s
Medical Research Institute, The University of Queensland, Brisbane, Australia
ABSTRACT. The purpose of this systematical review was to appraise the clinimetric
properties of measures of motivation in children aged 5–16 years with a physical dis-
ability or motor delay. Six electronic databases were searched. Studies were included if
they reportedmeasuringmotivation in school-aged children across occupational perfor-
mance areas. Two reviewers independently identified measures from included articles.
Evaluation of measures was completed using the COSMIN (consensus-based standards
for the selection of health measurement instruments) checklist. A total of 13,529 papers
were retrieved, 15 reporting measurement of motivation in this population. Two mea-
sures met criteria: Dimensions of Mastery Questionnaire (DMQ) and Pediatric Voli-
tional Questionnaire (PVQ). There was evidence of adequate validity for DMQ, and
preliminary evidence of test–retest reliability. Psychometric evidence for PVQwas poor.
Both measures demonstrated good clinical utility. The large number of retrieved papers
highlights the importance being attributed to motivation in clinical studies, although
measurement is seldom performed. Both identified measures show promise but further
psychometric research is required.
KEYWORDS. Children, measurement, motivation, motor delay, physical disability,
psychometrics, systematic review
INTRODUCTION
Motivation is considered a driving force that provides individuals with the in-
centive and encouragement to independently act, explore, and attempt to master
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challenging tasks in the environment (Morgan, Busch-Rossnagel, Barrett, &Wang,
2009). Motivation is a critical determinant of functioning and achievement in
children and youth with disabilities (Bartlett & Palisano, 2002; Majnemer, 2011;
Morgan, Harmon, & Maslin-Cole, 1990) and essential in learning new skills (Deci
& Ryan, 2000; Messer, 1993). Within the International Classification of Func-
tioning, Disability and Health (ICF), motivation is defined as a mental function
that produces the incentive to act; the conscious or unconscious driving force
for action (World Health Organisation, 2001). It can be considered an individual
personal characteristic, which has a bidirectional role influencing both activity
and participation outcomes, as well as impacting on body structures and functions
(World Health Organisation, 2001).
Compared with their typically developing peers, children with a physical dis-
ability or motor delay may experience lower levels of motivation and display less
persistence when engaging in challenging tasks (Jennings, Connors, & Stegman,
1988). School-aged children with cerebral palsy (CP) have demonstrated lower
levels of motivation in activities that involve gross motor skills, are cognitively
oriented, and require social persistence compared with their typically developing
peers (Majnemer, Shevell, Law, Poulin, & Rosenbaum, 2010). In children with
CP, higher levels of motivation have been linked to fewer activity limitations,
greater social and recreational participation, and a preference for skill-based
and/or active physical leisure activities (Majnemer et al., 2008; Majnemer, Shevell,
et al., 2010; Majnemer, Shikako-Thomas, et al, 2010). Those children with CP
with greater persistence in performing tasks (motivation) have also demonstrated
better physical functioning and psychosocial well being (Majnemer et al., 2008).
Engaging children in rehabilitation interventions and adherence to therapy
programs relies on attending to their motivational dispositions (Majnemer,
Shevell, et al., 2010). The contribution of motivation to therapeutic outcomes
remains largely unexplored. In recent years, parent/teacher proxy report and child
self-report questionnaires have been utilized to measure motivation in school-aged
children (Majnemer, Shevell, et al., 2010), although the psychometric robustness
of these measures is unclear. Valid and reliable measures of motivation that are
contextually and condition specific are needed to determine the contribution of
motivation to therapy engagement and outcomes. This study aims to investigate the
validity, reliability, feasibility, accessibility, and practicality of use of measurements
of motivation of 5–16 years old children with a physical disability or motor delay.
For the purpose of this review, physical disability or motor delay include disorders
that recognize motor delay/disorder as part of their clinical diagnosis.
METHODS
Search Strategy
Papers were identified by systematic searches of computerized databases: Med-
line (1966–July 2012), CINAHL (1982–July 2012), Embase (1988–July 2012),
PsycINFO (1985–July 2012), Web of Science (July 2012), and ERIC (1966–July
2012). The search used the subject heading (MeSH) terms and text words for
“physical disability,” “motor delay,” and “movement disorders.” MeSH terms and
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text words for “motivation” and “volition” combined with “outcome assessments”
and “psychometrics” were used to focus search results on measures of motivation.
Further articles were identified through manual checking of reference lists and
citation tracking.
Inclusion/Exclusion Criteria
Assessments were included if they (a) measured motivation of children aged
5–16 years with physical disability or motor delay; (b) included ≥ 50% of items,
which evaluated motivation according to the ICF definition across occupational
performance areas, including self-maintenance, productivity/schooling, and leisure;
(c) were in English and available for use; (d) had published psychometric and/or
clinical utility studies for children aged 5–16 years, with typical and/or atypical de-
velopment. Assessments were excluded if they primarily (a) assessed factors other
than motivation, including intellectual function, personality, temperament, self-
efficacy, self-determination, playfulness, functions of behavior, behavioral change,
or readiness for change; (b) were used in children and youth with learning and/or
intellectual disability, or psychiatric difficulties.
Titles and abstracts were initially screened for inclusion by the first author and
coauthor. Full papers (n = 29) were sought where titles and abstracts provided in-
sufficient information. Selected full papers were reviewed for inclusion indepen-
dently by two authors. Assessments were included following agreement by the two
authors, and conflicting viewpoints were discussed with a third reviewer until con-
sensus was reached. Further articles reporting on the psychometric properties of in-
cluded measures were identified through a second search. To minimize the chance
of missing key studies, targeted reference scanning, citation tracking, and consulta-
tion with experts in the field (including the Dimensions of Mastery Questionnaire
[DMQ] author and coauthors) were conducted.
Data Extraction and Quality Review
Twenty-two papers reporting psychometric properties of two measures of motiva-
tion were identified and included in data extraction and quality review. These pa-
pers were rated on methodological quality using the consensus-based standards for
the selection of health measurement instruments (COSMIN) (Mokkink et al., 2010).
The COSMIN provides an overall methodological quality score for each publica-
tion, using a “worst score counts” algorithm (Mokkink et al., 2010). The 4-point rat-
ing system categorizes each measurement property as “excellent” (+++), “good”
(++), “fair” (+), or “poor” (−), and an overall score is determined by applying the
lowest score of any item. Studies rated as “excellent” quality have items that scored
as adequate with satisfactory evidence presented. Studies rated as “good,” “fair,”
or “poor” may have information missing or flaws in the study design or statistical
analysis (Terwee et al., 2007).
Validity refers to whether an assessment measures what it purports to measure
(Portney & Watkins, 2009). For this review, content, construct, and criterion valid-
ity were examined. Responsiveness was not examined, as measures of motivation
are primarily used for discriminative and predictive purposes. Content validity was
assessed by examining the appropriateness and clarity of the aim of the instrument,
the target population for whom it was designed, its conceptual framework, and item
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selection. In addition, expert opinion, target population involvement, and compre-
hensive literature reviews contributed to a positive score for content validity (Port-
ney &Watkins, 2009).
Criterion validity refers to the extent to which the scores of an instrument are
an adequate reflection of a recognized “gold standard” (Terwee et al., 2007). It
includes both concurrent and predictive validity. Criterion validity is considered
good when correlation with the “gold standard” measure is≥0.70 and sufficient ev-
idence for the justified use of the “gold standard” is provided (Terwee et al., 2007).
Correlations determined using Pearson’s product moment correlation were consid-
ered using the guidelines: excellent/good (0.75 or above), moderate (0.50–0.75), fair
(0.25–0.50), or poor/low (<0.25) (Kirkwood & Sterne, 2003). A sample size of at
least 50 participants was rated as “good,” and tests of significance were also consid-
ered when reporting on correlations.
Construct validity refers to the degree to which scores of an instrument are con-
sistent with specific hypotheses related to dimensionality of the construct bring
measured, relationships with other measures, and differences between “known”
relevant groups (Kirkwood & Sterne, 2003; Portney & Watkins, 2009). Construct
validity includes hypotheses testing, structural, convergent, and divergent valid-
ity (Mokkink et al., 2010). The ability of the measure to distinguish between two
groups and agreement between raters is reported under construct validity for this
review.
Reliability refers to the extent of reproducibility, consistency, and stability of a
measurement when considering variations in different test raters and time of ad-
ministration (Kirkwood & Sterne, 2003). Internal consistency (the degree to which
items measure the same characteristic); test–retest reliability (the stability of the
measure over time), inter-rater reliability (a measure of agreement between dif-
ferent raters); and intra-rater reliability (a measure of variation by the same rater
at different times) were examined. The internal consistency of the measure was
considered good when factor analysis or item response theory model was applied
with internal consistency statistics calculated for each individual subscale. For clas-
sical test theory, internal consistency was considered good when Cronbach’s alpha
was between 0.70 and 0.95 (Terwee et al., 2007). Reliability, determined by intra-
class correlation coefficients (ICC) and other appropriate measures of agreement,
was classified as excellent/high (0.80 or above), adequate/moderate (0.60–0.79), or
poor/low (<0.60) (Law, 2004). Reliability studies reporting Pearson’s correlation
coefficients only rated as fair, because systematic differences were not taken into
account (Terwee et al., 2007).
Nineteen papers were identified with data reporting validity and 13 papers
reporting reliability of the two measures. For each measure included, data were
extracted from the assessment’s manuals on the clinical utility and characteristics,
including purpose of the assessment, target population, content of assessments,
and number of scales and items, using the CanChild Outcome Measures Rating
Form (Law, 2004). Clinical utility includes the elements of an instrument that need
to be considered by clinicians to weigh the barriers and enablers of utilizing the
instrument in clinical practice (Burke, Laberge, & Press, 2010). Clinical utility of
the measure was determined by considering feasibility (ease of administration,
scoring, and interpretation), interpretability (meaningfulness of scores), and
33
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FIGURE 1. Search strategy results for measures of motivation in children aged 5–16 years
with a physical disability or motor delay.
acceptability to both the assessor and respondents. Manual availability and com-
prehensiveness, assessor training, time of administration, format of assessment,
and cost of assessment were also considered.
RESULTS
The search yielded 13,529 papers (Figure 1). In the majority of papers, “motiva-
tion” was used in a general way. These studies were deemed inappropriate because
no specific measures of motivation were used, on the basis of target population,
or the motivational construct being assessed. Initially, 15 papers reporting on four
measures were identified. After appraisal by three independent raters, only two as-
sessments met the full inclusion criteria; the DMQ (Morgan et al., 2009) and the
34
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TABLE 1. Characteristics of the Dimensions of Mastery Questionnaire (DMQ) and
Pediatric Volitional Questionnaire (PVQ)
Assessment Age Range Purpose
Description of Measure (Including Items and
Scales)
DMQ
(Morgan
et al., 2009)
Infant: 6–18
months.
Toddler/preschool:
18 months to
5 years.
School aged:
6–12 years.
Teen: 13–19 years.
For those
with/without
disabilities.
Primary caregiver
and/or teacher
and children’s
perceptions of
mastery
behaviors and
motivation
Self/proxy or interviewer administered. 45
items; rated on a 5-point Likert scale (1 =
not at all typical – 5 = very typical) across
seven measures: Instrumental: four scales:
persistence at object /cognitive tasks, gross
motor persistence, social mastery with
adults, social mastery with peers/children.
Expressive: two scales: mastery pleasure,
negative reactions to failures. Ability to
master: one scale—general competence.
Individual subscale scores 1–5 (average of
summation of items in subscale). Total
motivation score ranging 1–5 (summation of
averages of four instrumental subscales
and mastery pleasure divided by 5).
PVQ (Basu
et al., 2008)
2–7 years. Toddlers
and children
with/without
disabilities.
Assessment of
child’s motivation
by observation of
child interacting
with his/her
environment.
Also information
on how
environment
impacts on
child’s volition.
Therapist completed observational
assessment of child in different settings and
activities. 14 item scales; rated on 4-point
Likert scale (1 = passive – 4 =
spontaneous) across three areas of
volitional development: exploration (tries
new things, tries to produce effect, shows
preference, initiates actions, shows
curiosity); competency (pursues activity to
completion, tries to solve problems,
practices skill, expresses mastery pleasure,
task directed, stays engaged), and
achievement (uses imagination,
organizes/modifies environment, and seeks
challenges). Total volitional score ranging
1–4 (average of summation of 14 items).
Pediatric Volitional Questionnaire (PVQ) (Basu, Kafkes, Schatz, Kiraly, & Kiel-
hofner, 2008).
Additional searching identified a total of 18 papers reporting psychometric data
for the DMQ, and four papers for the PVQ. The characteristics of the included
assessments are summarized in Table 1.
Validity
Summary data supporting the validity of the included measures, and COSMIN
scores is reported in Tables 2 and 3, respectively.
The DMQ and PVQ demonstrated good content validity on the basis of sound
theoretical frameworks and extensive expert involvement (Andersen, Kielhofner,
&Lai, 2005;Morgan et al., 2009). Construct validity of theDMQwas demonstrated
by good factorial evidence for the instrumental subscales and mastery pleasure
on principal component analysis for parent and child-self ratings (n = 254) (Mor-
gan et al., 2009; Morgan, Wang, Xu, & Liao, 2012). Fair to moderate correlations
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were reported between parent and teacher ratings of the DMQ, with low correla-
tions between parent/teacher and child ratings (Jozsa & Molnar, 2012; Morgan &
Bartholomew, 1998; Morgan et al., 2009; Morgan et al., 2012). Moderate correla-
tions between the two scales have also been reported (Gilmore & Boulton-Lewis,
2009; Jozsa & Molnar, 2012; Morgan & Bartholomew, 1998; Morgan et al., 2009;
Morgan et al., 2012).
TheDMQwas able to distinguish different levels ofmotivation between children
with typical development and children with disabilities, including CP (Majnemer,
Shevell, et al., 2010),Down syndrome (Gilmore&Cuskelly, 2011), autism spectrum
disorder, and other developmental disabilities (Fritz, Morgan, Philofsky, Hepburn,
& Fidler, 2008; Morgan, Wang, & Nelson, 2010; Morgan, et al., 2012). The DMQ
was also able to distinguish varying levels of motivation in object-oriented persis-
tence and general competence for children with CP on the basis of motor distribu-
tion (Majnemer, Shevell, et al., 2010).
Criterion validity for the DMQ was demonstrated through fair to good corre-
lations with measures of competence and cognition including intellectual quotient
(IQ)measures (Leiter Intelligence Test (Roid&Miller, 1997) andWechsler Abbre-
viated Scale of Intelligence (Psychological Corporation, 1999), school achievement
(as measured by grade point average), Harter’s Perceived Competence Scale (for
child ratings) (Harter, 1982), Harter’s Intrinsic versus Extrinsic Orientation in the
Classroom (teacher ratings) (Harter, 1981), and the Vineland Adaptive Behavior
Scales (Sparrow, Balla, & Cicchetti, 1984). Predictive relationships were reported
between the DMQ (at age 2 years) and cognitive ability, reading and spelling for
typically developing girls (at age 8 years) (Gilmore, Cuskelly, & Purdie, 2003), and
actual persistence at cognitive tasks for children with Down syndrome (Gilmore &
Cuskelly, 2009). Moderate correlations were reported between the DMQ and the
(a) Pediatric Quality of Life Inventory (Varni, 1998); (b) Child Health Question-
naire (psychosocial summary score) (Landgraf, Abetz, & Ware, 1996); (c) leisure
preferences using the Preferences for Activities of Children and the Children’s As-
sessment of Participation and Enjoyment (King et al., 2004), across four studies
of children with CP (Majnemer et al., 2008; Majnemer, Shevell, et al., 2010; Ma-
jnemer, Shevell, Rosenbaum, Law, & Poulin, 2007; Majnemer, Shikako-Thomas
et al., 2010; Yap, Majnemer, Benaroch, & Cantin, 2010). The DMQ was also sig-
nificantly associated with changes in passive range of motion, gait patterns, and
functional independence outcomes (using theWeeFIM) following botulinum toxin
A injections combined with physical therapy in children with CP (Yap et al.,
2010).
The PVQ demonstrated construct validity with Rasch analysis, identifying no
items that misfit, a good spread in item difficulty, and good subject separation re-
ported (Andersen et al., 2005). The PVQ was able to differentiate different voli-
tional levels among participants. Childrenwith disabilities consistently scored lower
than children without disabilities on mean volitional level (Andersen et al., 2005).
High rater separation was identified as a concern (Andersen et al., 2005). Concur-
rent validity of the PVQ was reported through moderate correlations with the Test
of Playfulness (Bundy, 2003; Reid, 2005). COSMIN ratings of the PVQ determined
that validity of the PVQ remains unclear.
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TABLE 4 Summary of Reliability of the Dimensions of Mastery Questionnaire and the
Pediatric Volitional Questionnaire
Internal Consistency Inter-Rater Test–Retest
Dimensions of Mastery Questionnaire: DMQ (Morgan, Busch-Rossnagel, Barrett, & Wang, 2009)
PCA: good factorial solution and
unidimensionality of scales (child
self, parent, and teacher
ratings).1,2
Adequate internal consistency:
parent α ≥ 0.75 or above.1,3,7
Teacher α ≥ 0.82 or above.1,3,6,7
Child & teen self-ratings GMP α ≥
0.81.1
Child and teen self-ratings total
motivation α = 0.88.3
Total motivation (TDC and disability)
α = 71 to 0.90.5
DS α = 0.78 to 0.94.8,9,10
Moderate correlations,
PCC: instrumental
scales r = .71.
Total motivation
(excluding NRF)
r = .68.3
Good correlations for
parent & teacher
ratings on all
subscales (r =
.76–.92);
Good-moderate
correlations for child
self-ratings (r =
.60–.86).4
Moderate reliability: total motivation
ICC = 0.76 (95% CI, 0.57–0.88,
SEM = 7.31 point, MDC (90) =
17.00 points.12
Instrumental scales ICC = 0.87.12
Expressive scales ICC = 0.70.12
Total score ICC (TDC) = 0.79. ICC
(disability) = 0.71.12
Instrumental scales ICC (TDC) = 0.83.
ICC (disability) = 0.89.12 Expressive
scales ICC (TDC + disability) ≤
0.75. 31 of 45 items in DMQ ICC ≥
0.60. 7 items ICC ≤ 0.40.12
Moderate to excellent correlations
using Pearson’s r:
total motivation (excluding NRF: T, P,
CSR) r = .83–.94.3 Subscales r =
.61–.93.3
Pediatric Volitional Questionnaire: PVQ (Basu, Kafkes, Schatz, Kiraly, & Kielhofner, 2008)
No misfitting items on Rasch
analysis.
Items well spread: −0.96 to 1.34
logits.11
High rater separation:
4.11; wide range
−2.65 to 1.42.11
Moderate to high
reliability Pretest r =
.85; mid-course r =
.76; final r = .76.13
ND
PCA, Principal component analysis. NRF, Negative reaction to failure. GMP, Gross motor persistence. TDC, Typ-
ically developing children. DS, Down’s syndrome. ICC, Intraclass correlation coefficient. SEM, Standard error of
measurement. MDC, Minimal detectable change. ND, no data available.
1(Morgan, et al., 2009), 2(Morgan, Wang, Xu, & Liao, 2012), 3(Jozsa & Molnar, 2012),4(Morgan & Bartholomew, 1998),
5(Morgan, Wang, & Nelson, 2010), 6(Jozsa & Morgan, 2011), 7(Gilmore & Boulton-Lewis, 2009), 8(Gilmore & Cuskelly,
2009), 9(Gilmore & Cuskelly, 2011), 10(Niccols, Atkinson, & Pepler, 2003), 11(Andersen, Kielhofner, & Lai, 2005), 12(Igoe
et al., 2011), 13(Taylor et al., 2009).
Reliability
Summary data supporting the reliability of the included measures is reported in
Table 4. Reliability data with COSMIN scores for individual studies are reported
in Table 5. Internal consistency for the DMQ was reported in nine studies with
excellent Cronbach’s alpha ≥ 0.75 (Gilmore & Cuskelly, 2009, 2011; Jozsa & Mol-
nar, 2012; Jozsa & Morgan, 2011; Morgan & Bartholomew, 1998; Morgan et al.,
2009; Morgan et al., 2010; Morgan et al., 2012; Niccols, Atkinson, & Pepler, 2003).
For the DMQ, two studies reported inter-rater and/or test–retest reliability for par-
ent or teacher report (Igoe et al., 2011; Jozsa & Molnar, 2012). One of these stud-
ies reported only Pearson’s r correlation coefficients (Jozsa & Molnar, 2012). Only
one study reported good reliability for parent report on the DMQ, using ICCs in a
preschool population (Igoe et al., 2011). This study was included as it reported on
children who were 5 years of age. Unidimensionality of the PVQ was reported in
one study with no misfitting items identified using Rasch analysis (Andersen et al.,
2005). Inter-rater reliability was reported in one very small study (n = 3), using
Pearson’s correlation coefficients.
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TABLE 6. Clinical Utility of the Dimensions of Mastery Questionnaire and the Pediatric
Volitional Questionnaire
Assessment
Format of
Administration and
Administration
Time
Manual/Equipment/
Test/Forms/Source/
Cost/Training Scoring Interpretability
DMQ
(Morgan
et al.,
2009)∗
Parents/teachers
rate on 5-point
scale (1 = not at
all typical, 5 =
very typical) on
45 child behavior
items.
Children 11 years
and above
self-rate self.
Children
6–10 years can
be read
questions
Administration time
10–15 minutes.
Manual and
questionnaires
available online.
Agreement
signature prior to
use.
Test development,
psychometrics, test
administration. and
scoring in manual.
No assessor
training specified.
Seven subscale
scores from
average of
summation of
individual items.
Likert scale 1–5
points, i.e., 1 = 1
point, 5 = 5
points. 7/45 items
reversed scored.
Total score =
mean of the
summation of
scores from four
instrumental
subscales and
mastery pleasure.
Total scores and
seven scale
scores. Age,
gender, and rater
norms in manual
but not
recommended.
Means ± standard
deviations for
each subscale.
Higher scores
indicate greater
mastery
motivation. Scores
> 3: motivation
levels above TDC
and <3 motivation
less than TDC.
PVQ (Basu
et al.,
2008)∗
Children observed
in different
settings.
Therapist rates
child on a
4-point Likert
scale measuring
level of support,
structure, and
encouragement.
P = passive; H =
hesitant; I =
involved; S =
Spontaneous.
Administration time
10–30 minutes
across 2 +
settings.
Manual and score
forms available for
purchase US
$40.00.
Guidelines and
scoring in manual.
No formal training
required for
assessors.
Children rated on
4-point Likert
scale across 14
behavior indictors.
Highest score of 4
= spontaneous,
lowest = passive.
Overall volitional
development
determined by
average of
summation of all
items scores.
Interpretation of
volitional levels
provided. Measure
of volition and
qualitative
information on
environment,
occupations, and
behavior in
different settings.
Three volitional
levels identified
and applied to
child according to
ratings:
exploration,
competency, and
achievement.
∗See Table 1 for definitions. TDC, Typically developing children.
Clinical Utility
Clinical utility for the included measures is reported in Table 6. Both measures
demonstrated good clinical utility with clear, concise and comprehensive instruc-
tion manuals, simple administration procedures within acceptable time frames, and
online availability. The child and teen versions of the DMQ can be self-completed;
however, interviews are recommended for all children aged 5–10 years. To assist
clarity of scoring with younger children “smiley faces” can be used to represent rat-
ings 1 to 5 (Morgan & Bartholomew, 1998). For the PVQ, it is suggested therapists
observe and score during or immediately after an observational session (Andersen
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et al., 2005; Basu et al., 2008). No specific assessor training was required for either
tool and both can be administered in home, school, community, and/or clinical en-
vironments.
DISCUSSION
Despite the large number of papers retrieved in the initial search (13,529), this
systematic review identified only two assessments that measure motivation across
a number of occupational performance areas in school-aged children with a
physical disability or motor delay. Measures of sports and academic motivation
identified were activity specific. Many papers employed the word “motivation”
in the abstract and discussed children’s motivation as significantly contributing
to outcomes, however, very few objectively measured participants’ motivation.
Although it is important to measure the underlying capacities and processes
utilized by children to become competent, independent, and adaptive learners
(White, 1959), the challenge for researchers has been the lack of robust measures of
motivation (Gilmore & Cuskelly, 2011; Morgan &Harmon, 1984). There continues
to be a limited understanding of the contribution of motivation on developmental
and therapy outcomes.
Motivation has typically been measured in three different settings: (a) struc-
tured tasks in experimental/laboratory situations; (b) semistructured or free play
observations; and (c) within the school and/or home environment, utilizing proxy
report ratings by the teacher/mother (Morgan et al., 1990). For children with
developmental disabilities, parent proxy reports of motivation have been less
favorable compared with observations of their performance of structured tasks.
This is potentially due to parents’ ability to observe and report on children’s actual
performance in real-world situations.
Studies of motivation in children with developmental disabilities measured using
structured tasks in experimental settings have reported levels of motivation simi-
lar to that of children with typical development matched for mental age (Gilmore
& Cuskelly, 2011; Hauser-Cram, 1996; Ruskin, Mundy, Kasari, & Sigman, 1994).
Studies which utilized parent proxy reports of motivation all found significant dif-
ferences between children with developmental disabilities and children with typical
development of the same age (Majnemer, Shevell, et al., 2010; Morgan, et al., 2010;
Morgan, et al., 2012) and childrenwith typical developmentmatched formental age
(Gilmore, Cuskelly, & Hayes, 2003). In these studies, parental report of motivation
in children with developmental disabilities was consistently lower than parental re-
port for childrenwith typical development. Childrenwith typical development have
been reported to demonstratemore complex play, prefer tasks offering greater chal-
lenge, to be more persistent in mastering tasks than peers with developmental dis-
abilities (Greenberg & Field, 1982; Harter & Zigler, 1974; Heffernan, William, &
Poche, 1982; Jennings et al., 1988).
Structured experimental and free play observations have primarily been used
with infants, toddlers, and preschoolers. Researchers have suggested that these
contexts may not offer sufficient challenges for children to demonstrate focused
task mastery. Experimental tasks also provide a false context in which a child is
required to perform tasks based on implicit or explicit demands of the researcher.
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These situations may not be ideal for true expression of mastery motivation as
they reflect capacity (i.e., child’s ability in a standardized environment) rather
than actual performance within a real-world context. Research suggests that it is
most useful to observe the mastery behaviors and motivation of children when
they are engaged in moderately challenging activities, attempting to problem solve
tasks and/or master a new skill within natural environments (Morgan et al., 1990;
Redding, Morgan, & Harmon, 1988).
There are also criticisms of proxy report questionnaires. Questionnaire ratings
typically draw on different “sources of information,” i.e., child self-report and/or
parent/teacher proxy report, each of whom has unique perceptions and experiences
of a child’s motivation and behavior. Parental reports particularly are thought to be
tainted by impressions of their child’s behavior and are often biased by age-related
expectations (Gilmore & Cuskelly, 2011; Morgan et al., 1990). Parents of children
with developmental disabilities tend to identify motivational weaknesses in their
children because of the tendency to calibrate this against children with typical de-
velopment.
The PVQ and DMQ utilize very different measurement approaches. The PVQ
is an observational assessment that rates children’s motivational behaviors across
activities in different settings. It can be used to observe free play but is most often
utilized when children are engaged in specific goal directed activities across differ-
ent environments. The utility of the PVQ appears to be context specific, observing
not only the motivation behaviors of the child when engaged in a specific activity,
but also the particular environmental context in which these are elicited.
In contrast, the DMQ is a parent/teacher proxy report and/or child self-report
questionnaire. The DMQ is divided into an instrumental and expressive aspect and
general competence. The items of the DMQ are designed to provide ratings for a
child’s mastery motivation across both instrumental and expressive domains, in a
variety of everyday tasks. The utility of the DMQ appears to focus on determin-
ing a general, overall motivational disposition or style of the child across a range
of occupational performance areas from the perspectives of different stakeholders,
including primary caregivers, teachers, and children themselves. Investigation into
agreement across raters on the DMQ has highlighted the previously mentioned is-
sues associated with parent and/or teacher proxy reports versus child self-report.
Within the included psychometric studies for the DMQ, parents, teachers, and chil-
dren often reported different perceptions of levels of motivation (Morgan et al.,
2009; Morgan et al., 2012). Some authors have considered combining the raters’
scores into an overall rating of mastery motivation (Jozsa & Molnar, 2012). With
the literature indicating that variability in ratings likely represents the perspectives
of different raters (Jozsa & Molnar, 2012; Morgan et al., 2009), combining raters
scores to determine an “average” could be problematic.
TheDMQ is reported to discriminate between children with and without disabil-
ities, with children with a physical disability reporting significantly lower levels of
motivation than their peers with typical development (Fritz et al., 2008; Majnemer,
Shevell, et al., 2010; Morgan et al., 2009). For children with CP, the highest DMQ
object persistence and general competence scores were obtained by those with uni-
lateral motor distribution (hemiplegia) and lower scores for children with bilateral
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motor distributions (diplegia then quadriplegia) (Majnemer, Shevell, et al., 2010).
The PVQ was also able to distinguish different volitional levels among participants
with children with disabilities consistently scoring lower than children with typical
development on overall volitional level. These are important findings because low
motivation could hamper children who are already at risk of delayed skill develop-
ment due to their increased motor severity.
The motivation behaviors of young children are considered indicative of their
capacities to master and acquire skills, develop competence, and promote opti-
mal functioning in later childhood (Barrett, Morgan, & Maslin-Cole, 1993). In-
creased success with challenging tasks promotes belief in self-competence and may
enhance motivation to master additional challenges (Deci & Ryan, 2000; White,
1959). There are no published studies providing evidence to support the predic-
tive validity of the PVQ; however, a number of studies exploring the predictive
validity of the DMQ have supported this notion of interrelatedness between the
constructs of motivation, cognition, and competence. The ability of DMQ scores
to predict achievement and competence of children with and without disabilities
in later school years has important implications for early learning programs and
therapeutic interventions.
In children with CP, higher levels of gross motor mastery persistence predicted
greater preference for skill-based and active-physical activities, and children who
expressed greater mastery pleasure demonstrated greater involvement in social ac-
tivities (Majnemer, Shikako-Thomas, et al., 2010). Overall, the DMQ total mastery
motivation scores of children with CP predicted their level of involvement in recre-
ation activities (Majnemer et al., 2008; Majnemer, Shikako-Thomas, et al., 2010).
The ability of the DMQ to predict engagement in children with CP in social and
physical activities is important when providing therapeutic interventions aimed at
reducing activity limitations and improving participation for these children. In this
context, measures of motivation that are psychometrically robust are essential to
guide the clinician’s understanding of a child’s motivational predisposition, which
may act to enhance or hinder therapy outcomes. For children with low motiva-
tion, attending to aspects of motivational strength can help the design of activi-
ties that optimize challenge and reward. The more engaged children are in therapy,
the greater potential for interventions to achieve the desired therapeutic outcomes.
Providing opportunities to overcome failure and experience success in meaningful
activities is critical for developing the feelings of self-competence, which may, in
turn, increase motivation to master new challenges, improve participation in novel
experiences, and encourage practice of challenging skills critical to development
and competent functioning (Deci & Ryan, 2000; Majnemer, 2011).
TheDMQand PVQ show promise for use with children with physical disabilities
or motor delay but require further research on test–retest reliability and construct
validity. The DMQ is a useful tool for determining the motivational predisposition
of a child across a range of occupational performance areas from the perspectives
of different individuals. Investigation into its potential use as an outcome measure
to evaluate changes in motivational level postintervention might also warrant
consideration. The PVQ has potential to be used by clinicians as a measure of
the child’s volitional level while engaged in a variety of context specific activities.
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The influence of the environmental context on children’s volition is an important
aspect of this tool as it alerts the clinician to contextual factors, which may impact
children’s motivation.
A limitation of this review is that potentially relevant studies were excluded if
they were not available in English. Psychometric data from unpublished studies
were not easily obtainable and were, therefore, not included in this review. The
COSMIN checklist was developed for assessing health-related patient-reported
outcomes and may be overly stringent in a review such as this. Large sample sizes
(>100) are required to achieve an “excellent” score on methodological quality for
the COSMIN. Within the context of measuring motivation with this specific popu-
lation, such sample sizes are not easily obtainable, and studies that were well con-
structed in all other domains may have been scored harshly using the “worst score
counts” algorithm.
CONCLUSION
Despite numerous papers employing the word motivation in the abstract, this sys-
tematic review identified only two assessments (DMQ and PVQ) that measure mo-
tivation across a number of occupational performance areas in school-aged children
with a physical disability or motor delay. Based on the evaluated psychometric and
clinical utility data of the included studies, the DMQ is the more psychometrically
robust measure. The DMQ is increasingly being used in studies of children with CP,
physical impairment, ormotor delay; however, there is only preliminary data on the
validity and reliability of this tool for these populations. Further studies with greater
methodological quality are required to confidently determine the contribution of a
child’s motivation on therapy outcomes following intervention.
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3.3 Summary and Conclusions 
This systematic review of clinimetric properties of measures of motivation identified only 
two assessments suitable for use in a RCT for children with a physical disability or motor delay 
(Miller, Ziviani, & Boyd, 2014). These were the Dimensions of Mastery Questionnaire (DMQ) 
(Morgan et al., 2009) and the Pediatric Volitional Questionnaire (PVQ) (Basu et al., 2008). The 
DMQ parent proxy-report was found to be the more psychometrically robust of the two measures. 
The focus of the DMQ parent proxy-report is on determining an overall motivational disposition or 
style of the child across a range of occupational performance areas from the perspectives of 
different stakeholders, including primary caregivers, teachers, and children themselves. In 
comparison, the PVQ evaluates children’s engagement within a specific context with consideration 
of the environmental factors that may enhance or hinder children’s motivation.  
Content validity of the DMQ is based on comprehensive review of the motivation literature, 
review by a panel of experts with extensive experience in the field of motivation and refinement of 
the measure following pilot studies in children with and without disabilities (Morgan et al., 2009). 
The conceptual foundations of the PVQ are based on the extensively researched Model of Human 
Occupation (Kielhofner, 2008), with a focus on the component of volition i.e. the motivation for 
occupation (Basu et al., 2008).  As such, both the DMQ and PVQ were selected for use in the RCT, 
with the DMQ parent proxy-report being the primary measure of motivation utilised in this doctoral 
program. The DMQ parent proxy-report did, however, have limited evidence of reliability in 
school-aged children. Only one study reported good ICCs in a younger population (Igoe et al., 
2011), and two studies reported adequate Pearson’s correlation coefficients in a school-aged 
population. It was therefore determined that the test-retest reproducibility of the DMQ parent proxy-
report should be examined using ICC’s, SEM, and limits of agreement in this study population of 
school-aged children with congenital hemiplegia. The results of this test-retest reproducibility study 
are reported in Chapter 5. Following the selection of the DMQ and PVQ as measurement tools for 
use in the larger RCT, the study protocol for the COMBiT trial, within which this doctoral research 
program is embedded, was designed. The study protocol is reported in Chapter 4. 
Two additional studies in Chinese preschool children have been published since the 
completion of this systematic review. One paper validated a questionnaire on mastery motivation 
(Task and Effort Scales) for use with Chinese preschool children in Hong Kong (Leung & Lo, 
2013) and the other examined the psychometric properties of the Chinese version of the Pediatric 
Volitional Questionnaire (PVQ-C) in preschool children in Taiwan (Liu et al., 2013).  
The paper reporting the validation of the Task and Effort Scales recruited 457 4-to-5 year 
old typically developing children and 44 children with developmental disabilities. The Task and 
Effort Scales parent and teacher versions are based on the Inventory of School Motivation 
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(McInerney & Ali, 2006). Results of Rasch analysis support the unidimensionality of the Task and 
Effort Scales and reliability of the scales are considered satisfactory (Leung & Lo, 2013). The 
purpose of the Task and Effort Scales appears to focus on the assessment of task persistence in 
Chinese preschool children as it relates specifically to academic performance. Furthermore, this 
validation study of the Tasks and Efforts Scales is related specifically to younger (4-5 years) 
Chinese children with a focus on academic performance and is therefore not relevant to this current 
thesis. 
The cross-cultural validation study of the PVQ-C was based on 40 typically developing 
preschool children (3-6 years) and 40 children with developmental disabilities (Liu et al., 2013). 
Results of Rasch analysis suggest the PVQ-C has good construct validity in this population and 
reproducibility of the PVQ-C was satisfactory (Liu et al., 2013). As this study specifically focuses 
on the validation of the PVQ-C for use with Chinese children its findings are not directly relevant to 
this current thesis.  
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Chapter 4: Study Design and Methodology 
4.1 Introduction to Chapter 4 
This chapter consists of the published study protocol for the RCT entitled COMBIT: 
Protocol of a Randomised Comparison Trial of COMbined Modified Constraint Induced Movement 
Therapy and Bimanual Intensive Training with Distributed Model of Standard Upper Limb 
Rehabilitation in Children with Congenital Hemiplegia. This doctoral program is embedded within 
the COMBiT RCT and the research and experiments reported in this dissertation are cross-sectional, 
cohort and prediction studies of children recruited to participate in the COMBiT trial. The study 
protocol paper describes the study design, methodologies, instrumentation, and intervention for the 
larger COMBiT project within which this doctoral program is embedded.  
Ethical approval for this study was obtained from The University of Queensland Medical 
Research Ethics Committee (2011000553), Queensland Children's Health Services (RCH) Human 
Research Ethics Committee (HREC/11/QRCH/37) and The Cerebral Palsy League Ethics 
Committee (CPL-2012-004) (Appendix 1). Informed, written consent was obtained from 
parents/guardians (Appendix 2), participants over 12 years of age (Appendix 3) and standard care 
therapists (Appendix 4). Supporting documents for the study protocol are provided in Appendices 5 
to 14. 
4.2 Paper 2: COMBiT: Protocol of a Randomised Comparison Trial of Combined 
Modified Constraint Induced Movement Therapy and Bimanual Intensive Training with 
Distributed Model of Standard Upper Limb Rehabilitation in Children with Congenital 
Hemiplegia 
The study protocol (Boyd et al., 2013) was submitted to BMC Neurology, and following 
peer review and revision was accepted for publication on the 28th June 2013. 
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induced movement therapy and bimanual intensive training with distributed model of standard 
upper limb rehabilitation in children with congenital hemiplegia. BMC Neurology, 13, 68. doi: 
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Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
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Abstract
Introduction: Children with congenital hemiplegia often present with limitations in using their impaired upper limb
which impacts on independence in activities of daily living, societal participation and quality of life. Traditional therapy
has adopted a bimanual training approach (BIM) and more recently, modified constraint induced movement therapy
(mCIMT) has emerged as a promising unimanual approach. Evidence of enhanced neuroplasticity following mCIMT
suggests that the sequential application of mCIMT followed by bimanual training may optimise outcomes (Hybrid
CIMT). It remains unclear whether more intensely delivered group based interventions (hCIMT) are superior to
distributed models of individualised therapy. This study aims to determine the optimal density of upper limb training
for children with congenital hemiplegia.
Methods and analyses: A total of 50 children (25 in each group) with congenital hemiplegia will be recruited to
participate in this randomized comparison trial. Children will be matched in pairs at baseline and randomly allocated to
receive an intensive block group hybrid model of combined mCIMT followed by intensive bimanual training delivered
in a day camp model (COMBiT; total dose 45 hours direct, 10 hours of indirect therapy), or a distributed model of
standard occupational therapy and physiotherapy care (SC) over 12 weeks (total 45 hours direct and indirect therapy).
Outcomes will be assessed at 13 weeks after commencement, and retention of effects tested at 26 weeks. The primary
outcomes will be bimanual coordination and unimanual upper-limb capacity. Secondary outcomes will be
participation and quality of life. Advanced brain imaging will assess neurovascular changes in response to treatment.
Analysis will follow standard principles for RCTs, using two-group comparisons on all participants on an intention-
to-treat basis. Comparisons will be between treatment groups using generalized linear models.
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Background
Congenital hemiplegia occurs in over one million chil-
dren under 21 years of age in the industrialised world
and is the most common type of cerebral palsy (CP), ac-
counting for 36% diagnosed with this lifelong condition
[1,2]. These children have limitations in their capacity to
use their impaired upper limb and bimanual coordin-
ation deficits which impacts upon daily activities and
participation in home, school and community life [3].
There are currently two diverse intensive therapy ap-
proaches aimed at improving upper limb performance.
Traditional therapy has adopted a bimanual training ap-
proach (BIM) and more recently, constraint induced
movement therapy (CIMT) has emerged as a promising
unimanual approach.
Our 2009 published meta-analysis evaluating the effi-
cacy of all non-surgical approaches to upper limb re-
habilitation highlighted the absence of strong evidence
for any particular model of therapy for improving upper
limb outcomes in congenital hemiplegia [4]. There was
consistent evidence for a small supplementary benefit
for use of intramuscular Botulinum Toxin A (BoNT-A)
injections combined with various models of upper limb
training. No particular model of training, whether it was
Neurodevelopmental Therapy (NDT), CIMT or Inten-
sive Hand Arm Bimanual Training (HABIT) demon-
strated a superior effect on activity limitations [4]. In
the last three years, a significant number of additional
randomised controlled trials, particularly of CIMT have
been published [Sakzewski L, Ziviani J, Boyd RN: Effi-
cacy of upper limb interventions for children with
unilateral cerebral palsy: systematic review and meta-
analysis update, submitted].
Classic CIMT involves application of a full arm cast to
the unimpaired upper limb which is worn for 21 con-
secutive days and accompanied by six hours daily of
upper limb training (total dose 126 hours) [5]. This
model of therapy, initially used with adults post stroke,
demonstrated significant improvements in upper limb
function that were retained at 12 months post interven-
tion [6]. The classic CIMT model has been used in a
small number of studies for children with congenital
hemiplegia demonstrating improved quality and amount
of use of the impaired upper limb and acquisition of
new upper limb motor skills [5,7]. A subsequent study
compared the full classic CIMT protocol to half dose
(60 hours) and demonstrated that for three to six year
old children with congenital hemiplegia, 63 hours of
training was sufficient to drive changes in upper limb
function [5,8].
Classic CIMT has been criticised for not being child
friendly or clinically feasible to implement. A significant
number of modified CIMT (mCIMT) models have been
developed. These have varied from intensive group based
interventions [9-12], intensive individual therapy [13,14],
distributed group or individual intervention [16-21] deliv-
ered either in the clinic [9,10], community [11], or in the
home [14,15,17,20,21]. Despite the different modes of
delivery and environmental context, findings consist-
ently demonstrate mCIMT is superior to standard or
usual care of a lesser dosage to improve quality and
amount of use of the impaired upper limb [17,21], bi-
manual and unimanual efficiency of movement [17,21]
and bimanual performance [16].
In contrast, when mCIMT has been compared to an
equivalent dose of intensive bimanual training or goal
directed occupational therapy, minimal differences have
been found on most clinical measures, as both interven-
tions yield similar improvements [10,11,13]. This high-
lights that the dose of therapy may be the critical
ingredient rather than the type of therapy (e.g. unimanual
versus bimanual).
Constraint induced movement therapy and modified
protocols have a significant limitation, that is, they do
not allow practice of bimanual tasks. Goals identified by
children and their caregivers tend to be bimanual in na-
ture [11,19]. This has led to the development of hybrid
models of therapy that combine mCIMT and bimanual
training. Two studies have investigated differing hybrid
models of mCIMT followed by bimanual training. A
long duration, distributed model of therapy performed
over an eight week period (six weeks mCIMT 54 hours;
two weeks bimanual 18 hrs) found significant gains in
unimanual, bimanual and individualised outcomes com-
pared to standard care for 2.5 to eight year old children
with congenital hemiplegia [22]. A short duration model
delivered over a three week period (two weeks mCIMT
30 hrs, one week bimanual 2.25 hrs), however was not
superior to usual care to improve movement efficiency
but did yield significant changes in self-care [23].
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The differences in findings may reflect variations in
dosage, the choice of outcome measures, and intensity
or density of training. Recent classic CIMT studies have
also acknowledged the need for bimanual training to fol-
low CIMT and have developed a “transfer package” to
address this requirement [7,24]. Further support for the
idea of sequential application of interventions was
obtained from examination of neuroplasticity findings
with Transcranial Magnetic Stimulation (TMS). Chil-
dren receiving mCIMT had greater and earlier use-
dependent neuroplasticity than those receiving BIM (in
a masked comparison) immediately post intervention
which was sustained at six months [25]. This has im-
portant implications for the timing of interventions and
the potential for optimizing the strengths of both by se-
quential application.
There is currently little evidence to support traditional
standard care block models of upper limb therapy (e.g.
six to eight weekly one hour sessions), as these alone are
unlikely to provide an adequate dose to drive changes in
upper limb function. Occupational therapy home pro-
grams have been shown to be effective in a high quality
randomised controlled trial [26] and could allow an ad-
equate dose of therapy to be achieved if accompanied
with a distributed block model of intervention. As little
as 15 minutes of home program practice four times per
week over an eight week block of therapy was shown to
be effective in improving functional goals and quality of
upper limb skills (Quality of Upper Extremity Skills
Test) [26]. It remains unclear whether a more intensive
model of upper limb training is superior to a distributed
standard care model augmented by a functionally fo-
cused home program to achieve a similar dosage of ther-
apy to improve upper limb unimanual, bimanual and
individualized outcomes.
This current study proposes a hybrid model which will
sequentially combine modified constraint induced move-
ment therapy (mCIMT) followed by intensive bimanual
training (called COMBiT) and compare this to a stand-
ard upper limb training model in a randomised trial. We
propose to compare the intensive group based COMBIT
model (one week of 30 hours of mCIMT followed by
one week of 30 hours of bimanual training of which 45
hours was direct and 10 hours of indirect upper limb
training) to standard care delivered in an individualised
and distributed model (standard occupational therapy
(OT); total dose 45 hours direct and indirect over 12
weeks) for improving outcomes as they pertain to activ-
ity and participation for children with congenital hemi-
plegia. Standard care for children with congenital
hemiplegia will be six weekly sessions of 1.5 hours of
OT provided in an individualised format (9 hours direct)
in combination with an individually designed home pro-
gram delivered over a 12 week period (36 hours indirect
training). Each approach, COMBiT or standard care may
follow intramuscular BoNT-A injections to the forearm
provided as part of standard clinical practice that is de-
livered to reduce forearm spasticity prior to upper limb
training.
We intend to determine if COMBiT is effective in pro-
viding a superior and lasting benefit, compared to stand-
ard therapy. As therapy programs are resource intensive
and time consuming it is important to determine if an
intensive program such as COMBiT is superior to stand-
ard distributed models of conventional therapy for im-
proved and sustained outcomes. If the effects of COMBiT
are sustained and superior over a six month period this
could offer a cost effective, timely model of care. This
study has been funded by the National Health and Med-
ical Research Council (NHMRC) of Australia (Project
Grant 1003887).
Methods and analyses
A matched pairs randomised comparison trial will be
conducted to evaluate whether a novel rehabilitation
model (COMBiT) will be more effective than conven-
tional standard care (OT) for improving upper limb
function in children with congenital hemiplegia.
The primary hypothesis to be tested is:
H1 COMBiT will reduce activity limitations (improve
unimanual capacity and bimanual performance) to a
greater extent than standard care.
The secondary hypotheses are:
H2 Use dependent neuroplasticity and neurovascular
changes (fMRI) will be more extensive and retained for
a longer duration in children undertaking COMBiT
than those engaged in standard care.
H3 COMBiT will be more effective compared with
standard care to increase participation and enhance
quality of life.
Two broad aims will be addressed:
The primary aim of our study is to determine which
model of upper limb training leads to greater changes
in upper limb activity performance and whether
changes are maintained to six months post
intervention.
A secondary aim is to further our understanding of the
central neurovascular mechanisms underlying changes
in upper limb function according to the type of training
applied. Improving our understanding of the
mechanisms underpinning treatment efficacy is an
essential next step towards providing effective
treatment and sustained outcomes. In addition,
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understanding the nature and timing of the brain lesion
and relationship to treatment response may assist with
effective allocation of resources.
Ethical considerations
Full ethical approval has been obtained by the Medical
Ethics Committee of The University of Queensland
(2011000553), The Royal Children’s Hospital Brisbane
(HREC/11/QRCH/37) and The Cerebral Palsy League
Ethics Committee (CPL-2012-004). Trial registration has
been obtained with the Australian and New Zealand
Clinical Trials Registry: (ACTRN12613000181707). In-
formed, written consent will be obtained from all parents
or guardians and assent from participants (if 12 years of
age or older) before entering the trial.
Study sample and recruitment
Fifty children and youth with spastic hemiplegia aged 5–
16 years will be recruited across Queensland, Australia.
Potential study participants will be identified through a
population-based research database, which currently
comprises of over 1300 children with CP at the Queens-
land Cerebral Palsy and Rehabilitation Research Centre
(QCPRRC), the Queensland Cerebral Palsy Register
(QCPR), Queensland CP Health Service, Queensland
Cerebral Palsy League and advertising to Occupational
Therapists, Physiotherapists and Paediatricians at the
Royal Children’s Hospital, Brisbane and in the commu-
nity. The recruitment process will target both publicly
funded services and private practitioners with the ex-
pectation that the sample will be representative of chil-
dren with congenital hemiplegia.
Inclusion criteria
The study will include school aged children and youth:
(1) With a confirmed diagnosis of congenital
hemiplegia.
(2) Aged five to 16 years.
(3) Who have reduced upper limb function due to
predominant spasticity rather than dystonia.
(4) Who can provide sufficient co-operation and
cognitive understanding to participate in the
therapy activities.
For a subset of children performing the Advanced
Brain Imaging studies further inclusion criteria are:
i Sufficient co-operation to perform Advanced Brain
Imaging studies for 45 minutes.
ii No exclusions for 3 Tesla Magnetic Resonance
Imaging (3T MRI) including no metal implants, no
shunts, no uncontrolled epilepsy as the later would
be a confound.
Exclusion criteria
Participants will be excluded if they have:
(1) Fixed contracture or severe muscle spasticity in the
designated muscle groups.
(2) Previously undergone surgery in the upper limb
(UL).
(3) Received BoNT-A injections within six weeks prior
to baseline assessments.
Sample size
The primary basis for sample size calculation for this
study is adequate power for the primary hypothesis: H1
comparison between the functional effects of COMBiT
compared to standard care at 26 weeks. Based on data
from the previous study [25] a mean difference of 7
units (10% of the control group mean at baseline on the
Melbourne Assessment of Unilateral Upper Limb Func-
tion (MUUL) is proposed as the minimum difference
likely to have clinical implications [27,28]. We assume a
standard deviation of 9 units. Based on a comparison
with alpha = 0.05 and 80% power, 25 subjects in each
group (n=50) are required.
For H2, our previous upper limb has shown 90% suc-
cess on 3 repeated fMRI scans [25]. Using 3T fMRI we
can see activation in the representative cortex for motor
studies with good signal to noise ratio. We allow for some
loss of information due to subject refusal (10%) and scans
where motion is a confounder (10%). With 40 participants
in an analysis of baseline to week 13 changes on fMRI, this
study will have 80% power to detect a difference between
groups of 0.9 SDs. If we consider the supplementary
motor area (SMA) given coefficients of variation (COV)
for control subjects performing motor tasks (COV of 11%
in PM1 and 35% in SMA) [29] and activation signal of
1.5%, we are able to detect differences in percentage acti-
vation levels over time as small as 0.47.
Randomisation
Following baseline assessments, children will be ran-
domised within matched pairs to receive either COMBiT
or standard care. To maximise homogeneity of the sam-
ple and minimise group differences at baseline, matching
in pairs will be completed according to age (12 month
bands), gender, and Manual Ability Classification Sys-
tem (MACS) level [30]. Treatment allocation will be
recorded on a piece of folded paper inside a concealed
opaque envelope. Using a sequence of computer-
generated random numbers the number “1” or “2” will
be allocated to each member of the pair. As each pair is
randomised, they will be allocated the next consecutive
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envelope, which will be opened by non-study personnel
who will read and record the treatment allocation. Study
personnel will be informed of group allocation.
Study procedure
Children will attend either the Royal Children’s Hospital
or The University of Queensland in Brisbane for base-
line and follow up assessments. Children randomised to
COMBiT will participate in a two week day camp dur-
ing school holidays commencing within one month of
baseline assessments. Participants randomised to stand-
ard care will be allocated a local therapist and individual
therapy sessions will commence within one month of
baseline assessments. The experimental design and out-
come measures are depicted in Figure 1.
Study interventions
For the COMBiT day camp group, we plan to provide
treatment in groups of 10–15 children over ten days.
The initial five consecutive days will focus on mCIMT.
After a weekend, BIM will be provided for the next five
consecutive days. Therapy will comprise 45 hours direct
upper limb training and 10 hours of indirect training in
more general gross motor upper limb activities. COMBiT
will have a novel circus theme. This intensive COMBiT
therapy will be compared to standard care which involves
individually tailored therapy in a distributed model for 1.5
hours per week for six weeks. This involves six hours indi-
vidual therapy with OT/PT and three hours of home pro-
gram demonstration (nine hours direct UL therapy). The
home programs (completed by participants in their home/
community environment) will comprise 30 minutes daily
Key:-
AHA- Assisting Hand Assessment. BBT- Box and Blocks Test. CHEQ- Children’s Hand Use 
Experience Questionnaire. CPQoL- Adult, Cerebral Palsy Quality of Life – Adult. CPQoL- Child, 
Cerebral Palsy Quality of Life – Child. COPM- Canadian Occupational Performance Measure. DMQ-
Child/Teen, Dimensions of Mastery Questionnaire – Child/Teen. DMQ– Parent, Dimensions of 
Mastery Questionnaire – Parent. GMFCS – Gross Motor Function Classification System. JTTHF-
Jebsen Taylor Test of Hand Function. LIFE-H- Assessment of Life Habits. MACS- Manual Ability 
Classification System. MUUL- Melbourne Assessment of Unilateral Upper Limb Function. PA-
Physical Upper Limb Assessment. SQ- Study Questionnaire. UL- Upper limb. PSQ- Triple P 
Parenting Scale Questionnaire. PVQ- Pediatric Volitional Questionnaire
Eligible children: Children 5 to 16 years with congenital 
hemiplegia and UL spasticity, not UL surgery prior to 
baseline period. Recruited from the QCPRC/OCPRRC.
registers. 
Not eligible or 
not interested. 
No further 
contact.
Expect to recruit 
30% of eligible 
Screening Measures 
Screening for eligibility criteria, goals 
and upper limb function
Baseline (T1) Assessments (n=50) 
Matched for age, gender, and UL 
function
Randomisation 
COMBiT (n=25)
Circus theme day camp in 
groups 10-15 children
5.5hrs x 10 days = 45hrs 
direct UL training & 10 
hrs indirect.
5 consecutive days CIMT 
(glove on unimpaired 
hand) followed by 5 
consecutive days BIM.
Total UL training hours = 
45hrs
Standard Care (n=25)
Standard Occupational 
Therapy and 
Physiotherapy Care –
Individually tailored 
therapy: 1.5hr week, 6 
weeks & 3hrs home 
program review = 9hrs 
direct UL therapy
Home program: 30 mins 
daily, 6 days/wk, 12 
weeks = 36 hrs indirect 
Total UL training hours = 
45hrs
Primary endpoint (T2)
13 weeks
Follow up (T3)
26 weeks
Screening and Classification 
Measures 
PA
MACS
GMFCS
Baseline Measures (T1) 0 weeks
COPM
MUUL
AHA
JTTHF
BBT
LIFE-H
CPQoL – Parent
CPQoL – Child/Teen (9+ years)
CHEQ
DMQ  - Parent
DMQ – Child/Teen
PSQ
Measures during intervention
PVQ
Motivation Likert Scales (therapist 
completed)
Post camp interviews (COMBIT 
only)
Post intervention outcomes (T2 
and T3) 13 and 26 weeks 
respectively
COPM
MUUL
AHA
JTTHF
BBT
LIFE-H
CPQoL – Parent
CPQoL – Child/Teen (9+ years)
CHEQ
DMQ - Parent
DMQ – Child/Teen
Figure 1 CONSORT flow chart for COMBiT trial.
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home practice six days/week for 12 weeks (36 hours indir-
ect UL therapy). The COMBiT and the standard care pro-
grams will have the same dosages of upper limb therapy
(COMBIT: 45 hours direct UL training; Standard care
(SC): nine hours direct UL training and 36 hours indirect
UL therapy). They will differ by (i) delivery method (block,
group model versus distributed individualised model) (ii)
varied construct (mCIMT versus goal directed training)
and (iii) different environment.
(i) COMBIT: combined modified Constraint Induced
Movement Therapy & Bimanual training
In mCIMT, the unimpaired arm is constrained in an in-
dividually made glove and combined with intense prac-
tice of tasks to promote use of the impaired arm. In
BIM, equal use of both hands is trained by engaging in
bimanual tasks. During the mCIMT program, all thera-
peutic activities, circus activities, occupational tasks such
as preparation and cleaning up of activities and all meal-
times will be performed predominantly with the impaired
hand and the unimpaired hand will be constrained in a
glove. In situations where the task demands use of two
grasping hands, the participants will be required to co-
operate with each other (in pairs) to complete the task
with their impaired hands. This will be followed in the
second week by an equal dose of BIM where bimanual use
of both hands during all therapeutic activities, circus activ-
ities and occupational tasks will be required.
COMBiT will be conducted over two weeks of the
school holidays in a “day camp model”. Participants will
attend a community facility “Flipside Circus” for six hours
a day, five days a week from 9am to 3pm. In total, 45
hours of the day camp program will directly target upper
limb training, and 10 hours will provide indirect use of the
UL in more general gross motor upper limb activities. For
both mCIMT and BIM training, the content will include
intensive activity based practice, circus activities as well as
self-care and recreational activities. The group will be led
and supervised closely by five to seven therapy staff to
achieve a ratio of one trainer to two children. Five core oc-
cupational therapists and one physiotherapist will plan
and lead all intervention groups. Daily grading of activities
and modification of tasks for the participants in each
group will be performed by the core therapists. Tasks and
activities will focus on reducing upper limb activity limita-
tions identified at baseline assessment and target three oc-
cupational performance goals identified by the parents
and/or child. Planning activities for each group will re-
quire task analysis, and develop guidelines for grading to
challenge children with varying capabilities. Specific de-
tails of the content of the COMBiT weekly program con-
tents are presented in Additional file 1: Table S1. Prior to
commencement of the daily program, staff will be briefed
and given specific tasks with written instructions outlining
how each activity will be performed for the specific chil-
dren they are supervising. Professional circus trainers will
lead the two hour circus workshops. The core therapy
team will meet with the circus trainers to design these
programs and at the end of each session to discuss and
modify the program as required and provide guidance to
grading of tasks for participants. A debriefing session for
the entire COMBiT group with staff members and separ-
ately for the staff and volunteers will be conducted at the
conclusion of each day. The core therapy team will also
meet daily to review individual participants’ goals and con-
tinually grade their program. A daily record of attendance
will be kept and anecdotal information from the day will
also be recorded.
(ii) Standard care upper limb rehabilitation
Standard care comprises an individualised and distrib-
uted model of occupational therapy upper limb training
which consists of six sessions of 1.5 hours of individual
direct therapy provided in a hospital or community set-
ting over six weeks in combination with a 12 week home
program. The weekly 1.5 hour sessions comprise one hour
of direct therapy, and half an hour for home program de-
velopment, demonstration and training with a total dose
of nine hours of direct therapy. Families will be provided
with a home program to practice goal areas for 12 weeks
from the commencement of individual therapy sessions
(30 minutes daily practice for six days/week for 12 weeks)
for a total dose 36 hours of indirect UL therapy for the
standard care group. The total anticipated therapy dose
for standard care including direct therapy and home pro-
gram practice is 45 hours of training.
Concurrent therapies
During the study children will not be provided with any
additional concomitant upper limb treatments, such as
arm splinting, casting or additional upper limb training.
Children will return to their regular therapy programs at
the completion of the 13 week follow up assessments.
Documentation of concurrent therapy programs (ongoing,
additional therapy or interventions, change in spasticity
medications or lower limb interventions) will be recorded
at each follow up assessment as these would not be able
to be controlled over a six month period.
Study duration
Children will be recruited in blocks of 24 to 26 children
at six monthly intervals to enable sessional testing of fMRI
and training. The children will attend day camps during a
holiday period. Recruitment will take 12 months, as suit-
able candidates could be drawn from our QCPRRC regis-
ter (n=180 potential children). Potential participants can
receive upper limb intramuscular BoNT-A injections prior
to study entry as part of clinical practice. Entry into the
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study will be delayed for six weeks post injection for those
whom have received intramuscular BoNT-A injections in
the forearm to reduce spasticity.
Measures
Classification measures
a) Manual Ability Classification system (MACs) The
MACS classifies the child’s ability to handle objects in
daily activities on one of five levels [30]. The MACs has
reported construct validity, and excellent inter-rater reli-
ability (ICC=0.97 between therapists and 0.96 between
therapists and parents) [30]. Children in the study will
be MACS level I – III.
b) Gross Motor Function Classification System
(GMFCS) The GMFCS classifies the child’s ability to
carry out self-initiated movements related to sitting and
walking across five levels [31]. The GMFCS has strong
construct validity with the Gross Motor Function Meas-
ure (r=0.91) [32] and good inter observer reliability
between professionals and between professionals and
parents [33,34]. In this study sample of children with
hemiplegia, it is expected that all children in the sample
will be GMFCS level I or II.
c) Zancolli scale The Zancolli Scale [35] classifies sever-
ity of forearm alignment by measuring the contribution
of spasticity and muscle length in the wrist and finger
flexors in active wrist and finger extension. Three levels
range from I (minimal flexion spasticity, complete exten-
sion of fingers with wrist in neutral position or less than
twenty degrees of flexion) to III (severe flexion spasticity,
no extension of fingers even with maximal wrist flexion).
It is expected that participants will have either a Zancolli
score level I or II.
d) House functional classification scale The House
Functional Classification Scale [36] consists of nine
grades ranging from 0 (does not use) to 8 (full spontan-
eous use) to rate functional use of the impaired upper
limb.
e) Classification of the brain lesion The nature of the
brain lesion will be classified using Magnetic Resonance
Imaging (MRI) by a Child Neurologist. The classification
system to be used is based on the presumed timing and
nature of the insult that resulted in CP including both
genetic and non-genetic aetiologies such as cortical
malformations & hypoxic ischaemic injury [37,38]. Brain
lesion severity will be assessed using a structured scoring
proforma [39] based on the CH2 template [40], a highly
detailed single-subject T1 template in MNI space, which is
the international standard for brain mapping (International
Consortium of Brain Mapping - ICBM). Lesions will be
transcribed onto the proforma and the following measures
obtained: number of (i) anatomical lobes involved, (ii)
number of slices on the template that were impaired and
(iii) size and distribution of the lesion measured by a total
lesion score.
Neurovascular measures
a) Whole-brain functional MRI studies We have pre-
viously used functional Magnetic Resonance Imaging
(fMRI) to examine functional reorganisation [41,42] and
have combined this with TMS to localise the (re)organisa-
tion of the motor cortex in children with CP [25]. Func-
tional MRI or blood oxygen level dependent (BOLD)
contrast is a robust and non-invasive method of detection
of regional tissue changes in venous oxygenation in re-
sponse to task related activation [43].
Functional imaging will be performed at 3 Tesla on a
Siemens MAGNETOM Trio MR scanner at the Centre
for Advanced Imaging (CAI), at the University of
Queensland. Use of 3T will reduce the time in the scan-
ner for children and improve the resolution of data col-
lected compared to 1.5T. To prepare for the real fMRI
scan all children will practice in a mock MRI scanner
using techniques that have achieved 90% compliance in
our earlier studies [25]. During scanning of their ana-
tomical images, the children will be able to watch a
favourite video. Children will lie supine, with their head
immobilised with an immobilisation pad to minimise
head movement. In the scanner, children will perform
two motor tasks, simple active wrist extension at 2 Hz
and a complex motor task. These tasks are frequently
impaired in children with hemiplegia and most likely to
show a response to training. The motor paradigm will
consist of a 2-condition block design, visually cued via in-
structions projected on a screen. The baseline condition is
no movement. A recording of a metronome at 2 Hz will
provide an auditory cue for the rate of movement. Verbal
cues to commence and end the task will be given. The
task and rest periods are 30 seconds with the activation
cycle repeated four times.
Children with sufficient comprehension will also
complete an additional complex motor task in the scan-
ner. This is a timing versus sequencing task performed
in a block design (two runs of six minutes each), where
the subject alternates between a block of single index
finger button pressing with a block of random sequences
of 3-finger button presses. For the sequence task, visual
cues of “123, 321, 213” numbers to denote a random se-
quence of pushing three buttons with their index, third
and fourth fingers with their dominant hand. This com-
plex task is designed to differentiate activation in the
primary motor cortex and different aspects of the basal
ganglia circuit. The rationale behind the simple and
complex movement is based on previous studies that
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showed these movements are able to induce activation
of the motor cortex and basal ganglia circuits [44]. Not-
ably increased complexity of finger movements in-
creases activation of the basal ganglia circuit, and thus
provides an ideal model to utilise fMRI to locate func-
tion specific regions of the cortex associated with finger
movements.
An additional five minutes of resting-state fMRI will
also be collected for analysis of functional connectivity
immediately after the motor tasks. Tasks performed prior
to resting-state fMRI can influence functional connectivity
[45], so the resting-state data will be collected after the
motor paradigms have been completed to provide
consistency. The whole assessment will take no longer
than 50 minutes in the scanner. The actual movements
performed in the scanner will be rated for speed, the range
of motion actually performed, ability to isolate the move-
ment and presence of mirror movements in the contralat-
eral hand or general body movements for the active motor
task and the number and timing on correct button se-
quences in the complex motor task.
Functional MRI will be acquired using a BOLD acquisi-
tion sequence (Gradient-recalled-echo (GRE) echo-planar
imaging (EPI), Repetition Time (TR)=3.0s, Echo Time
(TE)=30 ms, Flip angle = 85°, Slice thickness=3 mm,
FOV=216 mm, 44 slices, 72 × 72 matrix yielding an in-
plane resolution of 3.0 mm × 3.0 mm). A single set of T2-
weighted anatomical, FLAIR and 3D T1 volumes will also
be collected. Functional MRI image processing, analysis
and visualisation will be performed using iBrain™ software
[41], SPM8 analysis software (Wellcome Department of
Imaging Neuroscience, London, UK) and the iBrain™ Ana-
lysis Toolbox for SPM [46].
Pre-processing of the fMRI images will include slice-
timing correction using a temporal interpolation scheme
to estimate the response at the time of commencement
of each acquisition volume, motion correction (realign-
ment) within session and nonlinear registration across
sessions for each participant, and spatial normalisation
to the standard Montreal Neurological Institute (MNI)
template supplied with SPM. In the realignment step,
images within a session will be aligned to a single target
image within that time series to minimise the effects of
participant motion between scans. The target selected by
iBrain™ is the image whose within-brain centre-of-mass
is located closest to the median of all images in that time
series. Target images from each session of a subject will
then be non-linearly spatially normalised to a subject-
specific space in an iterative fashion in a manner similar
to that described in Wilson & Abbott et al. [47] to en-
sure unbiased registration of images across sessions; this
step is designed to correct, as far as practicable, non-
linear image distortions that may differ from session to
session. The step will be undertaken within subject
rather than directly to the standard template to maxi-
mise the fidelity of within-subject registration. The mean
of the within subject registered images will then be
spatially normalised to the standard MNI template. Be-
cause many participants have large lesions, spatial nor-
malisation to the MNI template will be undertaken
using only an affine transform. In practice, the image
transformations derived in each step described above
will first be combined and then applied in one step to
minimise resampling artefact when writing the final im-
ages. The spatially normalised image data will be
smoothed with an isotropic Gaussian kernel at least
twice the voxel size to fulfill the assumptions of Gauss-
ian random field theory (RFT). Using generalized linear
models (GLMs), statistical parametric maps will be
computed for each session of each subject. Temporal
autocorrelation will be modeled using a white noise
and autoregressive AR(1) model within SPM. Motion
correction parameters will be included as covariates of
no interest. Details regarding the specific implementa-
tion of the GLM and RFT by SPM are available else-
where [48]. Gross motion will be removed using scan-
nulling regressors that account for all the variance in
the motion-affected scan and the following three scans
(to avoid possible T1 effects) [49]. Gross motion will be
defined as motion exceeding 0.5 mm from one scan to
the next, as heuristically this appears to sufficiently
mitigate the confound in functional connectivity stud-
ies where the effect can be the most confounding [50].
Due to the heterogeneity in lesion location and size
across participants, group analysis of intra-participant
change in activation will be undertaken using a region
of interest approach with the assistance of iBrain™
software. Laterality of regions will be quantitatively
assessed using a method adapted from [51].
b) Diffusion imaging acquisition and white matter
fibre tracking In addition to a number of standard
radiological scans (T1, T2, FLAIR and 1 mm isotropic
MPRAGE structural scan), diffusion-weighted images suit-
able for tractography studies will be acquired using a fully
optimised single-shot, spin-echo echo-planar diffusion se-
quence. Diffusion weighted MRI data will be acquired to
probe microstructural changes in white matter tracts de-
lineated using tractography. The diffusion weighted data
will be acquired using a 64-directional single-shot spin-
echo echo-planar imaging sequence with the following
imaging parameters: TR/TE 9500/116 ms; acquisition
matrix 128 × 128 with field of view 30 × 30 cm (resulting
in an in-plane resolution of 2.35 × 2.35 mm); 60 axial
slices of thickness 2.5 mm; 64 non-collinear diffusion en-
coding directions; b-value 3000 s/mm2. The total imaging
time for this sequence is 10 minutes. To reduce image dis-
tortions, an acceleration factor of 2 will be used, and a
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field map will be acquired to assist in the correction for
residual distortions.
White matter fibre orientation distributions will be es-
timated using constrained spherical deconvolution [52]
using MRtrix software [53], which allows the resolution
of crossing fibres which is critically important for fibre-
tracking [54]. Whole brain probabilistic tractography will
be carried out using MRtrix. White matter pathways will
be extracted using cortical and subcortical target regions
identified in an automated fashion from high-resolution
structural images using freesurfer (http://surfer.nmr.mgh.
harvard.edu/). Alterations in white matter microstructure
within these pathways will be assessed using traditional
diffusion tensor imaging (DTI) metrics - including frac-
tional anisotropy (FA) and mean diffusivity (MD) - as well
as the novel apparent fibre density (AFD) measure [55]
which takes into account the presence of crossing fibres.
Tractography will be used to delineate individual pathways
as described previously [56-58], and for connectivity-
based parcellation [59,60]. Changes in white matter micro-
structure within delineated pathways following therapy
will be assessed.
Body functions and structures
The positive features of the upper motor neurone (UMN)
syndrome will be measured at baseline to grade the sever-
ity of impairment in each group and to compare severity
between the groups. Passive range of motion will be
assessed primarily for the impaired shoulder, elbow, fore-
arm, wrist flexors, fingers and thumb adductors using
goniometry [61]. Spasticity will be measured using the
Modified Tardieu Scale [62] at fast velocity in the forearm
agonists and the Modified Ashworth Scale [63,64] in the
same muscle groups.
The negative features of the UMN syndrome will be
measured to describe the sample and to analyse their
impact on outcome as a co-variate. Each test will be
performed in both the impaired (hemiplegic limb) and un-
impaired (hand writing limb) to compare sensory function
between limbs. The following aspects of sensory impair-
ment will be measured:
(i.) Stereognosis. will be assessed on the impaired
and unimpaired limbs using the approach
originally described by Feys [65]. Stereognosis
was assessed according to a protocol using two
sets of nine common objects, three familiar
objects (key, spoon and peg) and six similar
paired objects (button/coin, paperclip/safety pin
and pen/pencil) [66]. With vision occluded,
children will be presented with each item. A
corresponding set of items will be used to allow
children to identify the object in order to
minimise any errors due to correct naming of the
object. Scores ranged on a scale between 0–9,
where participants scoring below 9/9 were
considered to have impaired stereognosis [67].
(ii.) Moving two point discrimination (M2PD) will be
measured using the Disk-criminator® (Baltimore,
Maryland) on both the impaired and unimpaired
limbs. Either one or two points will be randomly
applied in continuous moving firm contact
longitudinally to the pulp of the index finger with
vision occluded [68]. The minimum distance
participants can usually distinguish between two
discrete points ranges from 2mm (normal) to 15
mm (poor) [66,69].
(iii.)Texture Tactile Perception will be tested using the
AsTex perspex board that displays tactile gratings
of reducing tactile discrimination index [70].
Starting at the “rough” end of the board,
movement of the child’s index finger, then thumb,
then fifth finger will be guided by the examiner
along the board at a constant speed in a
standardized manner. Children will be instructed
to stop immediately when the board feels smooth
(gratings became too close together to determine
their separation). Each point will be recorded, with
the final outcome the average of three trials for
each digit. The averaged scores will be converted
to the tactile discrimination index for each finger
using the chart available with the test kit.
(iv.) Grip strength will be measured using a hand held
dynamometer (Smedley, Takei Scientific
Instruments Co Ltd). Grip strength will be
measured for the average of three attempts on the
impaired and unimpaired limbs (kilograms force,
Kgf) [71].
(v.) Mirror movements will be assessed and scored in
each hand on the side of the body unintentionally
performing the movement during three unimanual
UL tasks: (i) rapid tapping of the index finger on
the distal thumb, (ii) alternating supination and
pronation of the forearm and (iii) repetitive
alternate touching of each fingertip to the tip of
the thumb of the same hand, in order.
Participants will be videotaped and scored on a
four point scale ranging from no clearly
imitative movements to movement equal to that
of the intended hand with a possible total score
ranging from 0-12 [72].
Primary outcomes
There will be a primary outcome measure for upper limb
bimanual co-ordination (the Assisting Hand Assessment)
and unimanual capacity (The Melbourne Assessment of
Unilateral Upper limb Function).
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a) Bimanual performance
(i) Assisting Hand Assessment (AHA)
The AHA is a Rasch analysed measure of
bimanual hand performance [73]. The AHA is a
performance measure and examines the
effectiveness with which a child with a unilateral
impairment spontaneously or typically uses their
impaired hand in bimanual activities [73]. The
test yields a range of scores between 22 and 88
which are subsequently scaled by transforming
the total raw score to a percentage and range
from 25 to 100. Conversion of these ordinal
scores into logits (log odds probability units) which
are equal interval measures is possible through
Rasch analysis. Inter-rater and intra rater reliability
is high for summed scores (ICC 0.98 and ICC 0.99
respectively). There are three versions of the AHA;
small kids, school kids and an adolescent version.
Test-retest reliability is high for small kids and
school kids (ICC 0.99 and 0.98 respectively.) The
AHA has demonstrated it is responsive to change
in many clinical studies [16,22,24,74,75]. Reliability
studies yielded a smallest detectable difference
(SDD) of 3.89 raw scores for the small kids and
3.65 raw scores for the school kids version [76].
For this study, the AHA will be scored by two
certified raters whom will be masked to group
allocation and order of assessment. Scores will be
transformed into logits for ease of interpretation.
b) Unimanual capacity
i. The Melbourne assessment of Unilateral Upper
Limb function (MUUL)
The MUUL measures both upper limb
impairment and quality of upper limb function
[77]. It is designed for children aged 5–15 years
with CP, and consists of sixteen criterion-
referenced items measuring aspects of reach,
grasp, release and manipulation. A set of scoring
criteria for each item examines the quality of
range of motion, accuracy, fluency and dexterity.
The maximum possible raw score is 122, and raw
scores are computed into percentage scores.
Inter-rater and intra-rater reliability for the
MUUL is very high for total test scores (ICC 0.95
and 0.97 respectively) and moderate to high for
individual items (ICC 0.69 – 0.91). Test-retest
reliability is high for total test scores and
moderate to high for items [28]. The MUUL has
good internal consistency (Cronbach’s alpha
α=0.96) [28]. Construct and content validity for
the MUUL was established during test
development [77]. Previous results of a reliability
study found a change of 12% for intra-rater
reliability and 14% for inter-rater reliability was
required to suggest a clinically significant effect
[77]. More recent studies investigating reliability
suggested the smallest detectible difference
ranged from 7.4% [78] to 8.7% [79]. The MUUL
has recently undergone Rasch analysis and
unidimensionality of the scale was not confirmed
[80]. Four distinct subscales were identified
however, with only preliminarily evidence; it
remains unclear whether any of the subscales will
be better able to detect change following UL
intervention [80]. Establishment of intra-rater
reliability for the COMBiT study will be
conducted to determine the SDD and define
children who achieve a significant clinical
response. The MUUL will be videotaped in
accordance with the manual guidelines and will
be later scored by an experienced occupational
therapist masked to group allocation and order of
assessment.
Secondary outcomes
Unimanual capacity
i. Jebsen Taylor Test of Hand Function (JTTHF)
The JTTHF measures unilateral speed and dexterity
on timed tasks [81]. The test measures speed and
accuracy of performance on various complexities of
grasp and release. The original test was designed and
validated in adults and typically developing children
and has been modified to exclude the writing task
and reduced the maximum allowable time of each of
the remaining six tasks to two minutes when utilised
in children with congenital hemiplegia [25,75,82,83].
The JTTHF has been shown to be responsive to
change due to an intervention [74]. There are
concerns regarding the stability of test-retest
performance in the unimpaired limb [74,75,82,83].
The test retest reliability and concurrent validity of
the JTTHF with the Box and Blocks Test in children
with congenital hemiplegia will be determined as
part of the COMBiT study.
ii. Box and Blocks Test (BBT)
The BBT is a measure of gross manual dexterity
[84]. It was initially developed specifically for use in
adults with cerebral palsy the test comprises of a
wooden box (53.7 cm × 25.4 cm) which is divided
by a 15.2 cm high partition to form two equal
compartments. 150 coloured wooden blocks all
2.5 cm in size are placed in one compartment. The
participant is required to transfer as many blacks
from one compartment to the other in 60 seconds.
The score is the number of wooden blocks
transferred in one minute [84,85]. Concurrent
validity of the BBT is supported by a good
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correlation with the Minnesota Rate of
Manipulation Test (r=0.91) and the General
Aptitude Test Battery, Part 10 (r=.86). Inter rater
reliability of the BBT was r = 1.00 and r = 0.999 for
the right and left hands respectively. The reported
test-retest reliability of the BBT (at six months) is
ρ = 0.976 and 0.937 for right and left hands
respectively [84]. Norms for 6–19 year olds are
available [84].
Bimanual performance
(i) Children’s Hand-Use Experience Questionnaire
(CHEQ)
The CHEQ is a Rasch analysed questionnaire for
children and youth (6 to 18 years) that examines
their experience of using their impaired hand during
bimanual activities [86]. Participants are required to
answer twenty nine questions related to bimanual
activities and identify their level of independence
and whether one or two hands are used to complete
the task. Three scales of perceived efficacy of grasp,
time taken to complete the activity and degree of
feeling of being bothered doing the activity are also
rated for each of the bimanual activities. Summary
scores for the questions can be generated, but for
participants in a research trial, raw data will be
transformed into logit scores by the test developers
[86]. The CHEQ has not yet been used in clinical
trials, and its sensitivity to change will be examined
as part of the COMBiT study.
Participation outcomes
(i) Assessment of Life Habits (LIFE-H for children
version 1.0)
The LIFE-H® [87] is designed for children aged 5 to
13 years and measures life habits in home, school
and neighbourhood environments [87]. It is a
questionnaire completed by the parent/caregiver
about the child. The long form consists of 197 items
divided into 12 categories and includes regular
activities (eating meals, communication, and
mobility) and social roles. A weighted score ranging
from 0 to 10 is generated for each category and
overall total. Construct validity was established
during test development [87] and criterion validity
with strong correlations between the LIFE-H and
PEDI and Functional Independence Measure for
Children (WeeFIM) are reported [88]. Adequate to
excellent internal consistency (Cronbach’s α = 0.73 –
0.90 for categories, 0.97 for daily activities and 0.90
for social roles), intra-rater (ICC = 0.83 – 0.95 for
daily activities), inter-rater (ICC = 0.8 – 0.91 for
daily activities and 0.63 – 0.9 for social roles) and
test-retest reliability (ICC = 0.73 for total score)
have been established [89]. Four categories,
reflecting the particular areas of difficulty in hand
use and independence in daily life typically
experienced by children with hemiplegia, will be
evaluated in this study including nutrition
(eg. mealtime activities), personal care (eg. dressing),
education and recreation.
Quality of life outcomes
(i) The Cerebral Palsy Quality of Life questionnaire for
children (CPQOL-child)
The CPQOL will be used to investigate quality of life
from the perspectives of parents (CPQOL Primary
Caregiver Questionnaire) and from the children
themselves (children and youth of nine years or
older- the CPQOL Child Report Questionnaire) [90].
The CPQOL-Child is a condition specific measure
across seven broad domains of quality of life: social
wellbeing and acceptance, functioning, participation
and physical health, emotional wellbeing, access to
services, pain and impact of disability and family
health. Psychometric properties of the CPQOL are
excellent with Cronbach’s α ranges from 0.74-0.92
(parent proxy report) and 0.80-0.90 (child self
report) [91]. Adequate test re-test reliability (ICC =
0.76-0.89) is reported with moderate correlations
with the CHQ, KIDSCREEN, and GMFCS. The
CPQOL-teen version for youth 14–18 years has
adequate correlations with a generic QOL
instrument for both parent report (r = 0.40-0.46)
and teen self report (r = 0.58-0.68) [92,93].
Individualised occupational performance goals
(i) Canadian Occupational Performance Measure
(COPM):
The COPM is a standardised individualised, client
centred measure that evaluates client’s self-
perception of occupational performance over time
[94]. Participants identify areas of difficulty in
everyday occupational performance across the
domains of self-care, leisure and productivity and
rate their performance and satisfaction for each
problem on a scale from one to 10 [94]. An average
score for performance and satisfaction is calculated.
There is good evidence of construct, content and
criterion validity [95-97]. The retest reliability of the
performance and satisfaction scores on the COPM is
high (ICC = 0.76-0.89) [98,99]. The COPM has
demonstrated responsiveness to change in paediatric
clinical trials [100,101] with a 2 point change on
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COPM performance reported as being clinically
significant [94]. In the present study, the COPM will
form the basis of goal setting for therapy. The
COPM will be administered by one of the study
occupational therapists. Children aged 8 years and
older will be encouraged to identify three to five
goals and rate their perceived level of performance
and satisfaction on the 10-point scale in
collaboration with their primary caregivers. For
younger children or those with intellectual
impairment, parent/caregivers will complete the
COPM with input from their child.
Environmental measures
(i) Study questionnaire
A study questionnaire has been developed to
capture demographic information that has been
shown in the literature to influence a child’s
outcomes. Information will be collected on child’s
age and gender, socio-economic status, family
structure and supports, family income and current
involvement in rehabilitation programs.
(ii)The Parenting Scale
The Parenting Scale [102] is a 30-item questionnaire
measuring three dysfunctional parenting styles:
laxness (permissive, inconsistent discipline); over-
reactivity (harsh, emotional, authoritarian discipline
and irritability); and verbosity (lengthy verbal
responses) [103]. All 30 items are scored on a seven
point scale, with low scores indicating good
parenting practices and high scores indicating
dysfunctional parenting. The Parenting Scale will be
completed by the primary caregiver during baseline
assessments and an overall measure of laxness, over
reactivity and verbosity will be calculated. The total
scaled score (the sum of all items divided by 30) will
be used as the primary measure of parenting style in
analyses. The Parenting Scale has demonstrated
adequate internal consistency (α’s for subscales
ranging from 0.78 to 0.85), good test-retest reliability
(r = 0.84 for the total score), an ability to
discriminate parents of clinic versus non-clinic
children, and correlations with observed parenting
style and child behaviour [102-104].
Motivation
(i) The Dimensions of Mastery Questionnaire (DMQ)
The DMQ provides a primary caregiver’s and child’s
self-perceptions of mastery motivation [105]. It
consists of 45 items across seven subscales and two
aspects of mastery motivation. Instrumental mastery
focuses on persistence with tasks and includes the
subscales of object-oriented persistence, gross motor
persistence, social persistence with adults and social
persistence with peers. Expressive mastery comprises
subscales of negative reactions to failure and mastery
pleasure. The final subscale, competence, is
considered a separate construct which measures the
child’s ability to master tasks relative to peers [105].
The DMQ takes approximately 15 minutes to
complete and will be administered with both
children and their primary caregivers according to
standard administration procedures. This involves
rating each of the 45 items on a five point scale
ranging from 1=not at all typical to 5=very typical.
Three is considered to be average for a typically
developing child of the same age. Higher scores are
considered to represent higher levels of motivation
[105]. To assist with understanding in the younger
age group (5 to 7 years) children may be prompted
with ‘smiley faces’ representative of the scores 1=not
at all typical through to 5=very typical. Seven
individual subscale scores are calculated by
summation of items in the subscale and dividing by
the number of items to obtain an average score
between 1 and 5. A total persistence score between
1 and 5 can be calculated from the average of the
four instrumental subscales. A total mastery
motivation score between 1 and 5 can also be
calculated based on the average of the four
instrumental subscales and the mastery pleasure
subscale. The DMQ total motivation score (average
of the four instrumental subscales and mastery
pleasure) will be used as the primary measure of
motivation as the DMQ total motivation score is
representative of the child’s overall motivational
predisposition including both instrumental and
expressive mastery motivation. Individual DMQ
subscale scores will be examined in secondary
analyses. Test construction and clinical utility of the
DMQ is satisfactory. The DMQ has high item
internal consistency with Cronbach’s α‘s greater than
0.74 [105]. Test retest reliability for parents of
preschool aged children is reported as high with
ICC’s between 0.74 and 0.82 on instrumental
subscales. Total score ICC’s are 0.76 with a standard
error of measurement (SEM) of 7.31 [106].
Construct validity is strong with clear factorial
evidence for scales on principal component analysis
[106]. The psychometric properties and clinical
utility of this measure have recently been evaluated
as part of a systematic review of measures of
motivation in school aged children with a physical
disability or motor delay [107]. The test retest
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reliability of DMQ parent proxy report in school
aged children will be investigated as part of this
study.
(ii)The Pediatric Volitional Questionnaire (PVQ)
The PVQ is an observational assessment whereby
the child’s volition is scored according to motivation
and mastery behaviours observed during different
activities [108]. This requires therapy sessions to be
videotaped so that the child’s motivation and
mastery behaviours when faced with therapy tasks of
varying challenge can be observed. The PVQ has a
four point scoring system where 1=passive through
to 4=spontaneous. A mean level of volition ranging
between 1 and 4 is calculated by summing all scores
and dividing by the number of items (i.e. 14). The
methodological quality of psychometric studies for
the PVQ is poor based on very small samples sizes.
Within these studies, the PVQ demonstrated
adequate evidence for construct and criterion
validity with Rasch analysis identifying good item
spread (−0.96 to 1.34 logits) and no misfitting items
[109]. Mean difficulty of items (0.00±0.66) and mean
ability of participants (0.68±0.99) was well spread
[109]. Reliability of the PVQ was weak with evidence
of poor inter rater reliability (rater separation 4.11)
[109]. For this project, the PVQ will be rated by the
same rater. The psychometric properties and clinical
utility of the PVQ measure will be evaluated as part
of this study.
Therapist observations and evaluation
Therapist observations and evaluation of the child’s en-
gagement, participation, persistence, task direction and
task pleasure will occur during therapy sessions. This re-
quires therapists to complete two Likert scales on task
persistence and affect at the end of each therapy session.
To assist in completing these scales the therapist will ob-
serve the following behaviours during sessions:
a. Persistence with a challenging problem, skill or task.
Observation of the amount of task directed – is
important in evaluating persistence. Greater
persistence indicates greater mastery behaviour –
which includes trying successfully or unsuccessfully to
solve the problem or master the task motivation [110].
b. Embracing rather than avoiding challenge. Choosing
challenging tasks in preference to easy ones indicates
greater mastery motivation [110].
c. Displays of positive affect (smiling, pleasure, pride)
associated with persistence. Positive displays of
mastery (task) pleasure indicate higher levels of
motivation [110].
d. Prematurely requesting help and avoiding challenges
which indicate lower mastery motivation [110]
e. Any negative reactions and emotional responses to
failure.
At the end of every therapy session therapists will evalu-
ate the most common or predominant motivational be-
haviour observed. This will be measured on two scales:
i. The Task Directed and Persistence Scale: determines
on a scale of 1 to 9 how task directed, persistent,
goal focused and motivated a child was during the
therapy sessions
ii. The Child’s Affect Scale: determines on a scale of 1
to 9 the level of positive affect demonstrated by a
child during therapy sessions.
Post intervention interviews
The above measures will be supplemented with individ-
ual semi structured interviews post training to identify
experiences of children participating in COMBiT, to gain
insights into their experience of the day camp. Video
footage of training sessions will be presented to facilitate
interviews and discussions with children and their pri-
mary caregivers. Interviews will be videorecorded and
transcribed verbatim.
Blinding
Functional MRI data will be qualitatively analysed by
neurologists masked to group allocation. Paediatric neu-
rologists with fMRI training will independently rate
scan quality (0–5), region of activation, change over
time and patterns of reorganisation. Data for AHA and
MUUL will be rated from videos masked to order and
group allocation.
Adverse events
Any minor and major events associated with intramus-
cular BoNT-A injections prior to the training study or
due to either training model will be screened at 2 weeks
by open-ended questions. If temporary weakness occurs
following intramuscular BoNT-A injections, this can be
addressed during the training programs. Any adverse
events or unintended effects detected will be reviewed
by a Rehabilitation Physician.
Statistical analyses
Analysis will follow standard principles for RCTs, using
two-group comparisons on all participants on an intention-
to-treat basis. Primary analyses will include all evaluable
data. Sensitivity analyses will use imputation techniques to
account for potential bias as a consequence of non-
ignorable missing data during follow-up. The primary com-
parison H1 at 6 months will be based on the AHA and
MUUL scores and will be between treatment groups using
generalized linear models, with terms included to account
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for matching and, potentially, confounding variables such
as baseline unimanual capacity. Secondary analyses will use
similar methods to compare the outcomes between groups
for participation (domains of LIFE-H) and QOL (domains
of CP-QOL). Where continuous data exhibit skewness not
overcome by transformation, non-parametric methods
(e.g. Mann–Whitney U Test) will be used for simple
comparisons.
For H2: The magnitude of central neurovascular
changes between groups will be determined using quan-
titative analysis of fMRI statistical parametric maps will
be performed using iBrain™: regions of interest will be
delineated for each individual (primary motor cortex
PM1, supplementary motor area (SMA), and ipsilateral
motor cortex (PM1ipsi) and active voxels in those re-
gions will be counted. These data will be compared for
each region over time using generalised estimating
equations approach. In subjects where mirror move-
ments did not occur, lateralisation between ipsilateral
and contralateral PM1 will be assessed using an object-
ive approachCIC#188 to determine the incidence and
magnitude of brain reorganisation. Statistical signifi-
cance will be at p<0.05.
Discussion
This paper presents the background and design for a
matched pairs randomized trial comparing an intensive
block of combined mCIMT and BIM training (COMBIT)
to a distributed standard care model of upper limb re-
habilitation for children with congenital hemiplegia. To
our knowledge this is the first study to directly compare
the density of upper limb training, a block of intense
COMBiT compared to an equal dose of a distributed
model of individualised training. Furthermore, we will
be evaluating the outcomes of the intervention program
across all domains of the ICF using valid and reliable
measurement tools.
Additional file
Additional file 1: Table S1. COMBIT weekly program example.
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4.3 Statistical Considerations for the Thesis 
Participants were recruited to COMBiT through a population-based research database in 
Queensland, Australia (n=167 eligible). Total sample size calculations were based on primary 
outcomes for the RCT (Boyd et al., 2013). To date, no previous studies have investigated the 
relationship between mastery motivation using the DMQ and occupational performance outcomes 
using the Canadian Occupational Performance Measure (COPM) (Law et al., 2005). As such, pilot 
data (n=19) from the larger COMBiT study were utilised in initial sample size calculations for this 
doctoral program. This study planned to regress participants’ values of COPM performance scores 
against DMQ total motivation scores. From pilot data (n=19) the standard deviation of COPM 
performance scores and DMQ total motivation scores were observed to be 1.34 and 0.42 
respectively, with a slope estimate of 1.20 obtained when the COPM was regressed against DMQ. If 
the true slope of the line obtained by regressing the COPM against DMQ is 1.20, 50 participants 
were needed to enable rejection of the null hypothesis with probability (power) 0.8. The Type I 
error probability associated with the test of this null hypothesis was 0.05. This enabled 
identification of a clinically important difference of two or more points on the COPM (Law et al., 
2005).  
4.4 Critical Pathways for Doctoral Research Studies 
This doctoral research program aimed to determine the extent to which children’s mastery 
motivation predicts occupational performance outcomes immediately post and six months following 
an intensive group block model of intervention (hCIMT) or an individualised, distributed model of 
standard occupational therapy care (SC), within the context of a RCT. This thesis includes five sub-
studies conducted within the RCT in school-aged children with congenital hemiplegia. These sub-
studies are visually represented in Figure 4-1, and include: 
 Sub-study one: Cross-sectional study of children at baseline (Chapter 6). 
Comparison of levels of motivation in study sample with (1) a reference sample of typically 
developing children and (2) two published samples of children with CP in Canada; 
Relationships between children’s mastery motivation and individual and environmental 
factors. 
 Sub-study two: Reliability and parent-child concordance studies (Chapter 5). 
Internal consistency in DMQ parent proxy and child self-report; Test-retest reproducibility 
of DMQ parent proxy-report; Parent-child concordance on the DMQ. 
 Sub-study three: Cohort study of children at 13 weeks post-intervention (Chapter 7). 
Mastery motivation as a predictor of occupational performance outcomes at 13 weeks post- 
intervention. 
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 Sub-study four: Repeated measures prediction study of children at 13 and 26 weeks post-
intervention (Chapter 8). 
Longitudinal examination of the impact of mastery motivation on occupational performance 
outcomes immediately following and at 26 weeks post-intervention. 
 Sub-study five: Cohort study of children at baseline and during goal-directed UL 
intervention (Chapter 9). 
Relationships between mastery motivation and engagement in goal-directed UL therapy 
within two different therapeutic contexts. 
 
Sub-studies one to five have detailed methodologies specific to each study. These individual 
study designs are described in the following manuscripts, comprising Chapters 5 through 9.  
 
 
 
 
 
Figure 4- 2. Critical pathways for doctoral research studies. CIMT, constraint induced 
movement therapy; MM, mastery motivation; DMQ, Dimensions of Mastery Questionnaire. 
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Chapter 5: Reproducibility of the Dimensions of Mastery Questionnaire 
5.1 Introduction to Chapter 5 
Following the systematic review of measures of motivation (Miller, Ziviani, & Boyd, 2014), 
the DMQ was identified to have only preliminary evidence of reproducibility in school-aged 
children with and without disabilities. As a discriminative measure, the DMQ should have good 
reliability when distinguishing between different individuals and groups of children. The primary 
aim of this thesis focused on being able to discriminate different levels of mastery motivation in 
children with congenital hemiplegia in order to determine whether children’s mastery motivation 
was predictive of occupational performance outcomes post-intervention. The rationale for the 
present study was the need to determine the consistency and stability of the DMQ in our study 
population. A reproducibility study of the DMQ was therefore conducted investigating (1) internal 
consistency of both child and parent proxy-report, (2) test-retest reproducibility of the parent proxy-
report, and (3) parent-child concordance. 
5.2 Paper 3: The Dimensions of Mastery Questionnaire in School-Aged Children with 
Congenital Hemiplegia: Test-Retest Reproducibility and Parent-Child Concordance 
This paper was published in Physical and Occupational Therapy in Paediatrics in 2014. 
Miller, L., Marnane, K., Ziviani, J., & Boyd, R. N. (2014). The Dimensions of Mastery 
Questionnaire in school-aged children with congenital hemiplegia: Test-retest reproducibility and 
parent-child concordance. Physical and Occupational Therapy in Pediatrics, 34(2), 168-184. doi: 
doi:10.3109/01942638.2013.806978 
Copyright clearance to include this publication in the thesis was obtained from Informa 
Healthcare via Rightslink on April 8th, 2014.  
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ORIGINAL RESEARCH
The Dimensions of Mastery Questionnaire in
School-Aged Children with Congenital
Hemiplegia: Test–Retest Reproducibility and
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ABSTRACT. Aim: To examine internal consistency, test–retest reproducibility, and
parent–child concordance of the Dimensions of Mastery Questionnaire 17.0 (DMQ)
in school-aged children with congenital hemiplegia. Method: Forty-two children
(8.24 ± 2.38 years, Manual Ability Classification System (MACS) I = 23, MACS II
= 19) and their parents completed the DMQ, and a subset on two occasions 2–30 days
apart (n = 27). Cronbach’s alpha (α), intraclass correlation coefficients (ICCs), stan-
dard error of measurement (SEM), and 95% limits of agreement were calculated. Re-
sults: Internal consistency for child self-report was variable (α = 0.57–0.90). Cronbach’s
alphas for parent proxy report were good (α = 0.69–0.86). Test–retest reproducibility
for instrumental aspect (ICC = 0.86) and total motivation (ICC = 0.84) were excel-
lent with subscales ranging from 0.70 to 0.91. The SEM for total motivation was 0.23
points. Parent–child concordance was poor across all scores (ICC= −0.04 to 0.42) with
a large SEM (0.50–0.91). Interpretation: The DMQ parent report has good test–retest
reproducibility for subscales, instrumental, and total motivation scores in school-aged
childrenwith congenital hemiplegia. Parent–child concordancewas lowhighlighting dif-
ferences in individual and contextual perspectives.
KEYWORDS. Cerebral palsy, congenital hemiplegia school-aged children, mastery
motivation, reliability
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INTRODUCTION
Motivation is an important determinant of functioning and achievement in chil-
dren and youth with disabilities (Majnemer, 2011). Mastery motivation is defined
as a driving force that provides individuals with the incentive and encourage-
ment to independently act, explore, and attempt to master challenging tasks in the
environment (Morgan, Busch-Rossnagel, Barrett, & Wang, 2009) and comprises
both instrumental and expressive aspects. The instrumental aspect focuses on goal-
directed pursuits to solve problems and master moderately challenging tasks in a
persistent, energized, and directed way (Morgan, Harmon, & Maslin-Cole, 1990).
The expressive aspect encompasses the affective display of emotional responses
and feelings associated with task persistence and mastery attempts (Morgan et al.,
1990, 2009).
School-aged children with cerebral palsy (CP) have been reported to display sig-
nificantly lower levels of mastery motivation than their typically developing peers
(Majnemer, Shevell, Law, Poulin, & Rosenbaum, 2010). Higher levels of motiva-
tion in children with CP have also been associated with fewer activity limitations,
greater social, and recreational participation (Majnemer, Shevell, et al., 2010).
A recent systematic review of the clinimetric properties of measures of motiva-
tion in school-aged children with physical disability or motor delay (Miller, Ziviani,
& Boyd, 2013) identified only two measures: the Dimensions of Mastery Question-
naire, Version 17.0 (DMQ; Morgan et al., 2009) and the Pediatric Volitional Ques-
tionnaire (Basu, Kafkes, Schatz, Kiraly, & Kielhofner, 2008). The DMQ was iden-
tified as the only global discriminative measure of motivation providing a broad
evaluation of children’s mastery motivation across occupational performance ar-
eas, and from the perspectives of different individuals. The DMQ measures both
instrumental and expressive aspects of mastery motivation and consists of 7 indi-
vidual subscales. The instrumental aspect comprises 4 subscales: object-oriented
persistence, gross-motor persistence, social persistence with adults, and social per-
sistence with children. The expressive aspect comprises 2 subscales: mastery plea-
sure and negative reactions to failure. The final subscale, general competence, is
not included in any motivation scores but is considered to be an observable aspect
of mastery attempts (Morgan et al., 2009).
Good construct and predictive validity of the DMQ has been demonstrated for
the instrumental subscales and mastery pleasure (Miller et al., 2013). Predictive
relationships between DMQ subscales (at age 2 years) and cognition (r= 0.43, p<
.01) and competence (reading r = 0.64 and spelling r = 0.59; p < .01) for typically
developing girls (at age 8 years) have been established (Gilmore, Cuskelly, &
Purdie, 2003). For children with Down syndrome, DMQ subscales were related to
actual persistence with cognitive tasks (r = 0.42, p = .019) (Gilmore & Cuskelly,
2009). In children with CP, predictive relationships were reported between the
DMQ and leisure and recreation preferences (r = 0.67–0.79) (Majnemer, Shevell,
Law, Birnbaum, et al., 2008; Majnemer, Shikako-Thomas, et al., 2010). There
is, however, limited evidence for the reproducibility of the DMQ in school-aged
children (Miller et al., 2013). Reproducibility refers to the extent of repeatability,
consistency, and stability of a measure to yield similar results when considering
variations in test conditions and time of administration (Portney &Watkins, 2013).
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As a discriminative measure, the DMQ needs a high level of reliability (Rankin
& Stokes, 1998). This includes internal consistency (the degree to which items
measure the same characteristic), test–retest reliability (the stability of the mea-
sure over time), inter-rater reliability (a measure of agreement between different
raters), and intra-rater reliability (a measure of variation by the same rater at
different times) (Kirkwood & Sterne, 2003; Rankin & Stokes, 1998). When inves-
tigating the reliability of the DMQ parent proxy report in this study, the stability
of the DMQ over time was our primary concern. The preferred method of deter-
mining the reliability of an instrument is the ICC as it accounts for both random
and systematic differences in test scores (Rankin & Stokes, 1998). The primary
reliability parameter is the intraclass correlation coefficient (ICC) that assesses the
degree of consistency or reproducibility of measurements, given the measurement
error identified (de Vet, Terwee, Knol, & Bouter, 2006). Pearson’s correlation
coefficient (r) can be used as a quantitative measure of reliability (Guyatt, Walter,
& Norman, 1987), however, it can only indicate the strength of linear association,
not agreement, and systematic differences are not taken into account (de Vet et al.,
2006; Terwee et al., 2007). Agreement parameters, including the standard error of
measurement (SEM) and 95% limits of agreement (Bland &Altman, 1986), assess
how close results of repeated measurements are by estimating the measurement
error in repeatedmeasurements on the actual scale of measure (de Vet et al., 2006).
To date the test–retest reliability of the DMQ has been evaluated in a small
study (n = 12) of typically developing preschool children based on teachers rat-
ing children twice with a 1 month interval and found fair to excellent correla-
tions (r = 0.68–0.89) between testing occasions for total motivation and individual
subscale scores (Morgan et al., 2009). In a larger study of typically develop-
ing school-aged children (n = 98), strong test–retest reliability was reported for
parent–parent, teacher–teacher, and child–child ratings for total motivation scores
(r= 0.83–0.94) and individual subscales (r= 0.61–0.93) (Jozsa &Molnar, 2013). In
a study of typically developing preschool children and children with physical im-
pairments (n= 33; Igoe et al., 2011), moderate reliability (ICC= 0.76, SEM = 7.31
points) was reported for total motivation scores using the summation of raw score
points from all subscales excluding general competence (Igoe et al., 2011).
Motivation has been defined as an “internal driving force,” which suggests an
individual’s perceptions, and self-report of motivation would be themost salient in-
formation. In the quality of life literature, however, there are some concerns regard-
ing the cognitive maturity of children to answer more complex questions related to
different aspects of their quality of life (Davis et al., 2013), and these same issues
are present when attempting to measure motivation. To address this, the DMQ has
parallel versions of the assessment to capture both parent and child perspectives of
mastery motivation. Discordance of parent proxy and child self-reported mastery
motivation has been reported in previous studies of typically developing school-
aged children (Jozsa & Morgan, 2011; Morgan, Wang, Xu, & Liao, 2012; Morgan
et al., 2009). These studies all reported correlations (r) less than 0.50 between par-
ent proxy and child self-report. When making clinical decisions regarding mastery
motivation in children, it is important to establish whether parent proxy report is
an accurate reflection of the child’s self-perception of their motivation, otherwise
these differing perspectives need to be considered.
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To date, the test–retest reproducibility and parent–child concordance of the
DMQ using ICCs or agreement parameters have not been established in school-
aged children, an age group where persistence with challenging tasks becomes
increasingly important. The psychometric properties of the DMQ have not been
investigated in school-aged children with congenital hemiplegia. These children are
often engaged in expensive and time-consuming interventions aimed at improving
functional performance. The success or failure of such interventions could be re-
lated to children’s mastery motivation. Valid and reliable measures of motivation
that are psychometrically robust in this specific population are therefore needed to
determine the contribution of motivation to therapy engagement and outcomes.
The primary aim of this study was therefore to determine the test–retest repro-
ducibility of the DMQ parent proxy report in school-aged children with congenital
hemiplegia. Secondary aims were to examine internal consistency and parent–child
concordance of the DMQ in the same sample.
METHOD
Ethical approval for this study was granted by the Medical Ethics Committee of
The University of Queensland, The Royal Children’s Hospital Brisbane, and The
Cerebral Palsy League Ethics Committee. Informed, written consent was obtained
from all parents or guardians and participants (if 12 years of age or older).
Participants
Study participants were recruited to a study of upper limb (UL) rehabilitation
(COMBiT: COMbined modified constraint induced movement therapy and
Bimanual Intensive Training; Boyd et al., submitted). Children met the following
inclusion criteria: (a) a diagnosis of congenital hemiplegia (b) aged 5–16 years at
entry (c) with reduced UL function due to predominant spasticity rather than dys-
tonia, and (d) sufficient co-operation and cognitive understanding to participate in
the therapy activities. Children were excluded if they had: (a) fixed muscle contrac-
ture or severe muscle spasticity in the UL (b) previously undergone surgery in the
UL (c) and/or, received Botulinum Toxin A (BoNT-A) injections within 6 weeks
prior to baseline assessments.
Potentially eligible families were identified through the Queensland Cerebral
Palsy Rehabilitation and Research Centre (QCPRRC) research database (n =
167). The study occupational therapist (OT) or clinical nurse contacted eligible
families by telephone or letter.
Demographics of Primary Caregivers and Children
Study participants’ characteristics for the test–retest reproducibility study and
parent–child concordance study are summarized in Table 1.
Only 27 DMQ parent proxy report retest questionnaires were eligible for inclu-
sion in the test–retest reproducibility study. Two participants withdrew from the
study prior to the second administration, and 3 parents completed the questionnaire
outside the specified retest interval (>30 days). A further 10 retest questionnaires
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TABLE 1. Study Participant Characteristics
Participant characteristics
Test–retest reproducibility:
DMQ parent proxy report
(n = 27)
Parent–child concordance:
DMQ parent proxy and
child self-report (n = 42)
Child age at Time 1
Mean ± SD (range) 94.2 ± 31.0 months
(61–170)
98.9 ± 28.5 months
(61–170)
Gender n (%)
Male 16 (59%) 29 (69%)
Female 11 (41%) 13 (31%)
GMFCS distribution n (%)
I 19 (70%) 30 (71%)
II 8 (30%) 12 (29%)
MACS distribution n (%)
I 12 (44%) 23 (55%)
II 15 (56%) 19 (45%)
Parent proxy relationship n (%)
Mother 25 (93%) 35 (83%)
Father 0 4 (10%)
Other 2 (7%) 3 (7%)
Test–retest interval
Mean ± SD (range) 8.7 ± 6.1 days (2–25) NA
Notes: DMQ: Dimensions of Mastery Questionnaire. GMFCS: Gross Motor Function Classification System. MACS:
Manual Ability Classification System. NA: not applicable. Other: Grandparent or both mother and father.
were deemed ineligible due to children’s participation in an intervention between
the two administrations, which may have impacted mastery motivation.
Measures
The Dimensions of Mastery Questionnaire 17.0 (Morgan et al., 2009)
The DMQ adult proxy report and child/teen self-report each comprise 45 items
across 7 subscales and 2 aspects of mastery motivation. Administration procedures
involve rating the child/teen on each of the 45 items on a 5-point Likert scale rang-
ing from 1 = not at all typical to 5 = very typical. For the child/teen self-report, the
child/teen rates him/herself in the sameway. TheDMQparent proxy and child/teen
self-report are worded similarly with differences in wording present only to provide
relevance to the person answering the questionnaire. For example, child self-report:
“I get excited when I am successful” versus parent proxy report: “Shows excitement
when he or she is successful.” Differences in wording between child and teen self-
report reflect age appropriateness of the question. For example, child self-report
“I try hard to throw balls so I can do it well” versus teen self-report: “I try hard to
improve my throwing accuracy.”
For all versions, a score of three is considered to be average for a typically de-
veloping child of the same age. Higher scores are considered to represent higher
levels of motivation. Seven individual subscale scores are calculated by summation
of items in the subscale and dividing by the number of items to obtain an average
score between 1 and 5. A total instrumental aspect score between 1 and 5 can be
calculated from the average of the 4 persistence subscales (object-oriented, gross-
motor, and social persistence with adults and children). A total expressive aspect
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score between 1 and 5 can be calculated from the average of mastery pleasure and
negative reactions of 2 failure subscales. A total mastery motivation score between
1 and 5 can also be calculated based on the average of the 4 instrumental subscales
and the average of the mastery pleasure subscale (Morgan et al., 2009).
Procedure
Internal Consistency and Parent–Child Concordance
For the initial administration (Time 1), parents (n = 48) and children (n = 42)
completed the DMQ parent–child/teen proxy report and child/teen self-report, re-
spectively, with the study OT(s). An interview format was utilized to assist par-
ents’ and children’s understanding of the DMQ questions. The study OTs read the
DMQ questions verbatim without additional probes or prompts. Parents and chil-
dren were interviewed separately. To assist with understanding and facilitate re-
sponses in younger (5–7 years) children, “smiley faces” prompts representative of
the scores 1 = not at all typical (frowning face) to 5 = very typical (smiling face)
were utilized as previously reported by Morgan et al. (2009).
Test–Retest Reproducibility
The test–retest interval was set at 2–30 days. Fourteen to 30 days has been consid-
ered a reasonable time frame for test–retest in similar pediatric studies (Igoe et al.,
2011) as this is considered a long enough time frame to minimize parent recall of
previous responses, but short enough for the trait to remain stable. The shorter
time frame (retest interval commencing after 2 days) was considered satisfactory
in this study primarily because parents were completing a battery of 6 other lengthy
questionnaires (for the larger COMBiT study) at the time of DMQ initial admin-
istration. Two-thirds of parents completed the DMQ after 6 days.
For the second administration of the DMQ (Time 2), parents were contacted via
telephone and completed the DMQ utilizing an interview format over the phone
with the same study OT(s). Additional questions regarding intervening life events
that influenced the child’s behavior including additional therapy interventions,
changes to personal health, home or school environment, or family circumstances
were asked. No retest was conducted for the DMQ child self-report as it was de-
cided that telephone interview with children or self-completion through a mail out
of the second questionnaire would not provide valid or reliable retest results. A
second face-to-face administration of the DMQ child self-report was not possible
within the specified test–retest interval due to children’s participation in the larger
UL rehabilitation trial (COMBiT).
Statistical Analyses
Primary analyses were the DMQ total motivation scores. Secondary analyses were
the instrumental and expressive aspects of mastery motivation, and the 7 individual
subscales. Data were analyzed using SPSS (version 20.0) using only complete data
sets.
Internal consistency (Cronbach’s alpha, α) was considered good where α ≥ 0.70
(Terwee et al., 2007). For test–retest reproducibility, ICCs and associated 95% con-
fidence intervals were calculated (Portney &Watkins, 2013). ICCs for consistency
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(3,1) were calculated to establish test–retest reliability for the parent report proxy
across the two administrations. For parent–child concordance, ICCs for agreement
(2,1) were calculated between parent proxy report and child self-report scores. Ac-
cording to Portney and Watkins (2013), ICC >0.50 indicates poor reliability; ICC
≤0.50 to >0.75 demonstrates moderate reliability, and ICC ≥ 0.75 indicates good
reliability.
Agreement of test–retest days and parent–child concordance was assessed by
the SEM using Test–retest: SEMconsistency = √ δ2residual; Parent–child concordance
SEMagreement = √ (δ2ir + δ2residual); and smallest detectable change (SDC) using 1.96
×√2×SEM. BlandAltman plots and 95% limits of agreement were also calculated
using Meandiff ± (1.96 × SDdiff). It is the decision of the researcher as to whether
the limits of agreement are narrow enough when considering the practical use of
the assessment (Bland & Altman, 1986). As there is currently no indication from
other studies as to acceptable limits of agreement for DMQ scores, the 95% limits
of agreement for this study have been set at 10% (± 0.50 points).
RESULTS
Internal Consistency
The internal consistency of the 7 subscales, instrumental aspect, and total motiva-
tion score of the DMQ is reported in Table 2.
Internal consistency for child self-report was variable with Cronbach’s alpha
ranging from 0.57 to 0.90. For parent proxy report, Cronbach’s alphas were good
ranging from 0.69 to 0.86. Cronbach’s alphas for parent proxy report that total mo-
tivation (α = 0.84) and instrumental aspect (α = 0.81) scores were lower than those
calculated for child self-report (total motivation score α = 0.90; instrumental aspect
α = 0.87).
Test–Retest Reproducibility
Test–retest reproducibility of parent proxy report is summarized in Table 3.
Table 2. Internal Consistency of Dimensions of Mastery Questionnaire (DMQ) Parent
Proxy and Child Self-Report (n = 42)
DMQ subscales, aspect, total scores
DMQ parent proxy
ratings Cronbach’s α
DMQ child self-ratings
Cronbach’s α
Instrumental aspect (4 subscales) 0.81 0.87
Object-oriented persistence (9 items) 0.81 0.71
Gross-motor persistence (8 items) 0.70 0.75
Social persistence with adults (6 items) 0.76 0.69
Social persistence with children (6 items) 0.69 0.58
Expressive aspect (2 subscales) 0.68 0.72
Mastery pleasure (6 items) 0.86 0.89
Negative reactions to failure (5 items) 0.70 0.57
General competence (5 items) 0.73 0.60
Total motivation score (5 subscales∗) 0.84 0.90
Note: ∗Total motivation score comprises: object-oriented persistence, gross-motor persistence, social persistence
with adults, social persistence with children, and mastery pleasure.
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FIGURE 1. (a and b) Test–retest reproducibility Dimensions of Mastery Questionnaire par-
ent proxy report. (a) Instrumental aspect score and (b) total motivation score (Bland Altman
plots). (c and d) Parent–child concordance for Dimensions of Mastery Questionnaire. (c)
Instrumental aspect score and (d) total motivation score (Bland Altman plots). Notes: T =
Test (Time 1). RT = Retest (Time 2). P = Parent proxy report. CS = Child self-report.
Reliability (based on point estimates) was high for the total motivation score
(ICC= 0.84), instrumental (ICC= 0.86), and expressive (ICC= 0.83) aspect scores.
The SEM for the instrumental aspect (0.24 points) and total motivation score (0.23
points) were low (4.8%) out of a possible total score of 5. Agreement between
test and retest days was good (Figure 1(a) and (b)) with 95% limits of agreement
ranging from −0.70 to 0.66 points for the total instrumental aspect and −0.63 to
0.65 points for the total motivation score (Figure 1(a) and (b)).
Parent–Child Concordance
Parent–child concordance on DMQ subscales, aspect, and total motivation scores
was poor with ICCs not significantly difference from zero (−0.04 to 0.42) and all
95% confidence intervals crossing zero (Table 4).
Wide confidence intervals across all subscales indicate a high level of variability
between parent and child raters. The SEM between parent–child dyads were larger
than those for test–retest (parent report) with instrumental aspect (0.50 points)
and total motivation score (0.54 points) 10%–11% of the total score. Agreement
between parent and child scores was poor with highly variable differences in scores
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reported (Figure 1(c) and (d)). The 95% limits of agreement for the instrumental
aspect ranged from−1.38 to 1.46 and were−1.39 to 1.65 points for total motivation
scores (Figure 1(c) and (d)).
DISCUSSION
To our knowledge, this is the first study to investigate the test–retest reproducibility
of the DMQ parent proxy report and parent–child concordance of the DMQ in
a sample of school-aged children with congenital hemiplegia. This study provides
important evidence on the internal consistency and stability of the DMQ in this
population.
Internal Consistency
Our study replicates the findings of others for internal consistency of parent proxy
report in typically and atypically developing school-aged children (Gilmore &
Boulton-Lewis, 2009; Jozsa & Molnar, 2013; Morgan et al., 2009). Interestingly,
internal consistency for child self-report was higher than parent proxy report for
the 2 key scores of instrumental aspect and total motivation scores. These scores
comprise questions primarily related to howhard children try to perform a skill well
or how long they persist with tasks and games. In this sense, children may interpret
all of these questions similarly, as reflected in high Cronbach’s alphas. However,
internal consistency was particularly variable for child self-report for social persis-
tence with children and negative reactions to failure subscales. These findings are
similar to those of Gilmore and Boulton-Lewis (2009) in a group of typically de-
veloping and “lazy” school-aged children. These findings may reflect the different
ways in which children interpret the variety of questions relevant to these specific
subscales. For instance, children may report that they try to keep play going for
a long time when playing with friends (where the type of play is not specified),
while simultaneously reporting that they do not get very involved in pretend play
with friends (because this may be a type of play they do not enjoy or they do not
have the opportunity to engage in pretend play at home or school).” In a study of
typically developing school-aged children, internal consistency for child self-report
across subscales may have been impacted upon by a child’s reading comprehension
(Jozsa &Molnar, 2013). In the present study, this issue was minimized by the use of
the interview technique (Morgan et al., 2009), however, for the negative reactions
to failure and social persistence with children subscales, it is possible that children
experienced greater difficulty interpreting these questions. There is potential for
the OT reading the questions to both adult and child participants to inadvertently
influence responses. This potential bias was minimized by the therapist reading the
DMQ verbatim without additional prompts or probes. Social desirability, however,
may have impacted responses to some questions as it is possible that children and
parents may have wanted to respond positively to these questions.
Test–Retest Reliability
Discriminative measures require a high level of reliability in order to demon-
strate consistency across repeated measurements. Our findings indicate that there
is good test–retest reproducibility for the DMQ parent proxy report subscales,
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instrumental aspect, and total motivation scores given a 2–30 day time interval.
The instrumental aspect and total motivation scores were very stable (SEM< 5%).
These test–retest reproducibility findings are consistent with Igoe et al. (2011),
however, a number of variations in methodology exist between the current study
and the previous work undertaken by Igoe et al. (2011). In the latter study, the to-
tal raw scores were used to determine ICCs for the total motivation score. This is
not consistent with the scoring outlined in the DMQmanual (Morgan et al., 2009),
where total motivation score is determined by calculating the mean of 5 (of the
7) subscales’ scores (Morgan et al., 2009). A further variation is in the use of ICC
(2,1) by Igoe et al. (2011). This model of ICC is typically used when results are
to be generalized to a larger population of raters and raters are considered ran-
dom effects (Rankin & Stokes, 1998). For DMQ parent proxy report, children will
always be rated by their own parent and the same raters utilized for each indi-
vidual rating at test and retest occasions. As such, the rater effects are fixed and
inter-rater variability will not have any effect on the results. In test–retest reliabil-
ity studies where raters are fixed and the consistency of the two ratings requires
measurement, the ICC (3, 1) is more appropriate. High levels of test–retest relia-
bility have been reported in studies of teacher report (n = 12; Morgan et al., 2009)
and parent proxy and child self-report (n = 98; Jozsa & Molnar, 2013) in typically
developing preschool and school-aged children. These studies are limited, how-
ever, by the statistics utilized (Pearson’s correlation coefficients rather than ICCs).
Strong evidence of test–retest reliability is reported in this study, however, high
levels of variability between participants and wide confidence intervals require the
ICCs reported to be interpreted with consideration of other methods of reliability
and agreement. The Bland Altman test results for parent proxy report (test–retest)
(Figure 1(a) and (b)) show reasonable agreement for total motivation scores al-
though the 95% limits of agreement were greater (−0.63 to 0.65) than our apriori
decision of±0.5 points.With the limited data available, based on our results we con-
sidered a clinically meaningful change in mastery behaviors would be observed in
scores with limits of agreement greater than±0.5 points. Inmost cases, the distribu-
tions of values in Figure 1(a) and (b) identify differences for total motivation scores
between test and retest days as< 8%of the total score. This indicates adequate con-
sistency between test and retest scores. Small sample sizes (<50) often inflate limits
of agreements (Rankin & Stokes, 1998) and subsequently, interpretation of results
with consideration of the SEM can assist in determining how precise the estimates
are. The SEM for the instrumental and total motivation scores was small indicating
the true difference between subjects is less than 5% of the total score (out of 5), so
that we can confidently accept the DMQ parent proxy report has sound ability to
differentiate individuals with varying levels of mastery motivation in school-aged
children with congenital hemiplegia. In comparison, the Bland Altman test results
for parent–child concordance (Figure 1(c) and (d)) show larger variations and in-
consistencies between parent and child report on the DMQ. For all scores, 95%
limits of agreement were greater than 1 point, over 10% of the total score. Addi-
tionally, larger SEMs are reported across all scores, with the largest SEM (0.91)
noted for the 2 subscales comprising the expressive aspect of mastery motivation.
To determine if test–retest reliability was impacted by potentially confound-
ing variables, such as short or extended test–retest interval and the interview
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technique, ICCs were recalculated accounting for these variations (supplementary
Table). When participants with a test–retest interval of less than 5 days were ex-
cluded from the analysis, no significant variations were observed in ICC point esti-
mates and all confidence intervals overlapped. Similarly, when participants (n= 5)
with a retest window of 15–30 days were excluded from the analysis, there were also
no significant changes in ICC point estimates and confidence intervals. To examine
for potential effect of the interview administration technique, ICCs (2,1) were also
calculated to determine if systematic differences could be attributed to therapist
administration of the measure (de Vet et al., 2006). No significant differences were
observed between ICC (3,1) and ICC (2,1) calculations (supplementary Table) sug-
gesting an external evaluator did not result in a more variable rater effect.
Parent–Child Concordance
For parent–child concordance, our findings indicate poor agreement (Table 4). Par-
ents were more likely to report their child’s level of mastery motivation as lower
than did their child on the subscales of object-oriented, gross-motor persistence,
and general competence, however, children rated themselves lower than their par-
ents on social persistence with adults and peers. It is possible that parents of school-
aged children with congenital hemiplegia have higher expectations of their children
in cognitively oriented and gross-motor tasks, most likely comparing them to typi-
cally developing children of the same age. Children of this age in comparison may
see themselves similar to their peers in the classroom and playground or perceive
they actually try harder because of their disability. These findings are consistent
with the low correlations (r = −0.02 to 0.43) reported between parent/teacher and
child ratings on the DMQ in previous studies (Jozsa & Molnar, 2013; Morgan &
Bartholomew, 1998; Morgan et al., 2009).
The tendency for parents to report their scores for the child lower than their
child’s self-report is evident in studies of parent–child concordance utilizing ques-
tionnaires that also rely on the perceptions of different individuals such as quality
of lifemeasures (Davis et al., 2007;Majnemer, Shevell, Law, Poulin, &Rosenbaum,
2008). This issue is also reported in studies investigating the wellbeing of children
with chronic health conditions whose parents report lower scores than their child
across several domains in comparison to parents of healthy children who tend to re-
port higher scores than their children (Eiser &Morse, 2001; Theunissen et al., 1998;
Waters, Stewart-Brown, & Fitzpatrick, 2003). In studies of quality of life in children
with CP, parents rated their children lower across several domains, particularly in
social functioning. In the domain of emotional functioning, children were reported
to rate themselves lower than their parents (Majnemer, Shevell, Law, Poulin, et al.,
2008). Similarly, children in this study of mastery motivation reported their emo-
tional state in response to challenging tasks (mastery pleasure and negative reac-
tions to failure) lower than their parents. Parents of children with CPmay interpret
their emotional responses differently to their children with a tendency to amplify
observed behaviors in comparison to their children who perceive their own emo-
tional responses as similar to peers. Discrepancies in the parents’ versus child’s per-
ceptions may also be attributed to different response styles, with children provid-
ing more extreme response scores and a tendency to focus on single and/or recent
events only (Davis et al., 2007).
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Collecting perspectives about performance or behavior from different individu-
als is a challenging task. Responses to the DMQ by parents and children are sub-
jective by their very nature, and each person is influenced by their unique perspec-
tive and interpretation of questions. Gathering perspectives from both children and
their parents are equally informative when choosing specific therapeutic activities
within intervention sessions.
These findings are useful for clinicians wishing to determine the level of mastery
motivation of children prior to therapy programming and intervention. The DMQ
will enable clinicians to accurately distinguish and appraise clinical differences in
mastery motivation scores among school-aged children with congenital hemiplegia
and compare these scores with those of typically developing children. By deter-
mining a child’s level of mastery motivation, therapists can anticipate how a child
may react to a variety of challenges faced during therapy and tailor intervention
accordingly. The DMQ may also inform therapy delivery by assisting clinicians to
determine the optimal context for therapy to occur. Specifically, the subscales of
social persistence with children and social persistence with adults may provide clin-
icians with information as to whether the child would respond better in a group of
children or with an individual therapist. Furthermore, a child who demonstrates
greater persistence with gross-motor or object-oriented tasks could have therapy
tailored to embrace these strengths, optimize engagement, and encourage persis-
tence in the required skill areas.
Limitations
Some potential study limitations have been identified. Parents and children may
have answered the DMQ more honestly if completed independently rather than
in the interview format with the study therapist. The interview format was chosen
to ensure accuracy in reading questions and enhance comprehension; however it
is acknowledged that reading of the questionnaire by the therapist may also have
introduced an element of social desirability in the ratings provided. Although both
administrations of the DMQ utilized an interview format, differences in adminis-
tration procedures between Time I and Time II may have impacted the results.
Test–retest reproducibility and parent–child concordance may be different with
other respondents including fathers and teachers. Children were mildly impaired
(Gross Motor Function Classification System [GMFCS] level I and II and Man-
ual Ability Classification System [MACS] level I and II) so that results may not be
generalizable to a broader population of children with CP.
This measurement study was conducted in the context of a clinical trial for chil-
dren with hemiplegia (MACS I–III) with specific inclusion and exclusion criteria.
This sampling strategy means that findings are generalizable to a population of
school-aged children with congenital hemiplegia (MACS I–III with predominant
spasticity) and results should be interpreted accordingly. The sample size for this
study was influenced by the sampling strategy utilized. Forty-two participants in
the larger clinical trial (n = 50) had complete data sets for both the DMQ parent
proxy and child self-report. Only 27 of these were eligible for the test–retest study
resulting in a smaller sample size.
The DMQ is increasingly being used to distinguish levels of motivation in
children with disabilities and to predict outcomes related to competence, cognitive
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ability, and functional performance. Mastery motivation is of particular interest
to clinician’s designing motor rehabilitation interventions. Engagement in therapy
and adherence to therapy programs relies on attending to children’s individual
motivational dispositions.
CONCLUSION
Our findings suggest that the test–retest reproducibility for parent proxy report on
the DMQ is adequate and clinicians can confidently use this measure when investi-
gating levels of mastery motivation in children with congenital hemiplegia. Internal
consistency for total motivation, instrumental and expressive aspects, and the in-
dividual subscale scores were good for parent proxy report, but variable for child
self-report. Concordance between parent–child dyads on theDMQ in this sample is
poor highlighting the difficulties associated when measuring a construct relying on
the different perspectives and points of view of individuals. Additional research in a
broader sample is required to explore the extent of discordance and factors affect-
ing parent–child agreement. Further research to explore the utility of the DMQ
as an evaluative measure of motivation, both longitudinally over the course of a
child’s development and in response to therapy would provide valuable informa-
tion on the usefulness of this measure for different purposes.
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5.3 Summary and Conclusions 
Adequate test-retest reproducibility of the DMQ parent proxy-report was an important 
finding of this research project supporting the use of the DMQ parent proxy-report as a valid and 
reliable measure of children’s mastery motivation. These findings were consistent with a reliability 
study of younger children with and without developmental disabilities (Igoe et al., 2011). The DMQ 
parent proxy-report in this study was able to accurately differentiate levels of persistence and 
affective responses to challenging tasks among school-aged children with congenital hemiplegia, 
and these results were consistent across different time points. Consequently, the research project 
was able to confidently progress with the examination of contextual factors associated with 
children’s mastery motivation (reported in Chapter 6) and the investigation of mastery motivation 
as a predictor of occupational performance outcomes following intervention (reported in Chapters 7 
and 8). 
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Chapter 6: Individual and Environmental Factors Associated with Mastery Motivation 
6.1 Introduction to Chapter 6 
Based on findings from the clinimetric review (Miller, Ziviani, & Boyd, 2014) and DMQ 
parent proxy-report test-retest reproducibility study (Miller, Marnane, Ziviani, & Boyd, 2014), it 
was possible to obtain an accurate and consistent measure of children’s (mastery) motivational 
predisposition during baseline assessments for the COMBiT RCT. This chapter comprises the paper 
titled Mastery Motivation in Children with Congenital Hemiplegia: Individual and Environmental 
Associations. This paper reports the cross-sectional data collected during baseline assessments, 
primarily exploring the relationships between children’s mastery motivation and individual and 
environmental factors. Understanding these relationships was an important consideration of this 
thesis. Despite an increased appreciation of the importance of motivation to children’s health and 
wellbeing, there has been limited published evidence exploring mastery motivation and its 
relationship with individual and environmental characteristics in school-aged children. Furthermore, 
there is only emerging evidence regarding the level of motivation in school-aged children with CP 
when compared with typically developing peers. A secondary aim of this paper was therefore to 
describe mastery motivation in school-aged children with congenital hemiplegia and compare these 
findings to (1) a reference sample of typically developing school-aged children and (2) two 
published samples of school-aged children with CP. 
6.2 Paper 4: Mastery Motivation in Children with Congenital Hemiplegia: Individual and 
Environmental Associations 
This paper was published in 2014 in Developmental Medicine & Child Neurology. 
Miller, L., Ziviani, J., Ware, R. S., & Boyd, R. N. (2014). Mastery motivation in children 
with congenital hemiplegia: Individual and environmental associations. Developmental Medicine 
and Child Neurology, 56(3), 267-274. doi: 10.1111/dmcn.12356 
Copyright clearance to include this publication in the thesis was obtained from Informa 
Healthcare via Rightslink on April 22nd, 2014.  
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ABBREVIATIONS
AHA Assisting Hand Assessment
COMBiT Constraint-induced Movement
and Bimanual Therapy
DMQ Dimensions of Mastery Ques-
tionnaire
MACS Manual Ability Classification
System
MUUL Melbourne Assessment of Uni-
lateral Upper Limb Function
AIM The aim of this study was to examine the relationship between mastery motivation and
individual and environmental characteristics in school-aged children with congenital
hemiplegia.
METHOD Forty-eight child–caregiver dyads (children’s mean age 7y 11mo, SD 2y 4mo; 33
males, 15 females; Manual Ability Classification System [MACS] level I, n=25, and level II,
n=23; predominant motor type spastic hemiplegia, n=47) were recruited to this cross-sectional
study. Children were assessed using the Melbourne Assessment of Unilateral Upper Limb
Function (MUUL) and the Assisting Hand Assessment. Caregivers completed the Dimensions
of Mastery Questionnaire, the Parenting Scale, and a demographic questionnaire.
RESULTS Consistent and positive parental disciplinary practices were associated with higher
total motivation (p=0.006) and instrumental aspect scores (p=0.009). Children with siblings
and from single-parent families experienced greater negative reactions to failure (p=0.006).
Children from two-parent families (p=0.018) and with better bimanual performance (p=0.015)
demonstrated greater object-oriented persistence. Age, sex, limitations in manual ability
(MACS), and movement and body function of the impaired limb (MUUL) did not contribute
significantly to mastery motivation.
INTERPRETATION Inconsistent, excessively lax, and verbose parenting practices may
discourage children from persevering with challenging tasks. Functional parenting styles,
positive discipline practices, and autonomy-supportive strategies for task engagement should
be encouraged when intervening with children with cerebral palsy. Parents should be
supported to engage in these practices in all aspects of daily activities.
Congenital hemiplegia is the most common form of cere-
bral palsy (CP) and in developed countries occurs in more
than 1 million children under 21 years of age.1 These chil-
dren have difficulties reaching, grasping, manipulating, and
releasing objects with their impaired hand and arm.
Repeated experiences with failure may limit their willing-
ness to persist with and practise challenging tasks, thereby
affecting skills development and occupational performance.
Mastery motivation is the driving force that provides
individuals with the incentive and encouragement to inde-
pendently act, explore, and attempt to master moderately
challenging tasks.2 It is predictive of both readiness to
learn3 and achievement of tasks necessary for activities of
daily living, social communication, and psychological well-
being.4 Sustained and goal-directed persistence on moder-
ately challenging tasks is considered a key indicator of a
child’s mastery motivation.2 Children who embrace moder-
ate challenges and risks, and persist despite difficulties with
skill mastery and the potential for failure, are more likely
to achieve greater competence.5 These children derive a
higher level of satisfaction from mastery attempts and are
more likely to continue practising tasks.5
School-aged children across the spectrum of severity of
CP (n=74, Gross Motor Function Classification System
[GMFCS] levels I–V)6 have significantly lower motivation
in activities involving gross motor skills, social engage-
ment, and cognitive challenges than their typically develop-
ing peers.6–8 Cross-sectional studies of children with CP
have found those with higher levels of motivation have a
preference for skill-based and/or active physical leisure
activities, greater social and recreational participation, and
fewer activity limitations.6–8 Children who demonstrated
better physical functioning and psychosocial well-being
also showed greater persistence in performing tasks.8
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The International Classification of Functioning, Disabil-
ity and Health considers contextual factors to be influential
at the individual level and to impact on intervention out-
comes.9 Children’s motivation is identified as an individual
factor, unrelated to health state, that influences motor
ability and changes in outcomes following intervention10;
however, this has not been systematically examined. It has
been proposed that social–environmental factors, including
family ecology and parenting styles, influence mastery
motivation and competence in children with and without
disabilities.3,4,11,12 As mastery motivation appears to be sig-
nificant in determining the success of interventions, it is
pertinent to discern those individual and environmental
factors that contribute to mastery motivation in children
with physical impairments.6 This information will enable
clinicians to consider children’s mastery motivation and
address factors influencing motivation within the context
of motor rehabilitation programmes. The primary aim of
this study was to examine the relationships between mas-
tery motivation and individual and environmental factors
in school-aged children with congenital hemiplegia. We
hypothesized that children’s mastery motivation would be
positively associated with functional parenting styles and
negatively associated with activity limitations, manifesting
in gross motor function and hand use in everyday activi-
ties. The secondary aims of this study were to describe
mastery motivation in school-aged children with mild
congenital hemiplegia and compare them to (1) a reference
sample of typically developing school-aged children2 and
(2) two published samples of school-aged children with
CP.6,13
METHOD
A cross-sectional study examined baseline data from a lar-
ger randomized trial (Constraint-induced Movement and
Bimanual Therapy [COMBiT]) comparing constraint-
induced movement and bimanual training with a distributed
model of standard upper limb rehabilitation in children
with congenital hemiplegia.14
Participants
School-aged children (5–16y) with congenital hemiplegia
were invited to participate in a novel upper limb rehabilita-
tion intervention trial (COMBiT, NHMRC 1003887).14
Potentially eligible families were identified through a
tertiary referral centre research database in Queensland,
Australia (n=167), and contacted by telephone or letter. Par-
ticipants met the following inclusion criteria: (1) diagnosis of
congenital hemiplegia, (2) age 5 to 16 years, (3) reduced
upper limb function owing to predominant spasticity rather
than dystonia, and (4) sufficient cooperation and cognitive
understanding to participate in the therapy. Children were
excluded if they had (1) fixed contracture or severe upper
limb muscle spasticity, (2) previously undergone upper limb
surgery, and/or (3) received botulinum toxin A injections
within the 6 weeks before the baseline assessments. Based
on sample size calculations for the randomized trial, 48 chil-
dren were recruited to COMBiT14 and examined at baseline
before receiving study interventions.
The COMBiT study14 received ethical approval from the
University of Queensland Medical Research ethics commit-
tee (2011000553), the Queensland Children’s Health Ser-
vices (RCH) Human Research ethics committee (HREC/
11/QRCH/37), and the Cerebral Palsy League ethics com-
mittee (CPL-2012-004). This cross-sectional study involved
collecting information from children participating in
COMBiT and their parents/caregivers. Informed, written
consent was obtained from all parents or guardians and
participants (aged 12y or older) before entering the trial.
Measurements
The primary measure was the Dimensions of Mastery
Questionnaire (DMQ) parent proxy report.2 Caregivers
completed the school-aged child and/or teen version of
DMQ parent proxy report. The DMQ comprises 45 items
across seven subscales and two aspects of mastery motiva-
tion. Each item is scored on a Likert scale of 1 to 5 (1=not
at all typical, 5=very typical). Items related to each individ-
ual subscale are summed and the mean is determined to
obtain an average score for each subscale. A total instru-
mental aspect score is determined by calculating the aver-
age of the four persistence subscales (object-oriented, gross
motor, and social persistence with adults and children). A
total expressive aspect score is averaged from the mastery
pleasure and negative reactions to failure subscales. A total
motivation score can be calculated from the average of the
four persistence subscales and from mastery pleasure. The
DMQ has high item internal consistency (a>0.74)2 and
good test–retest reproducibility with intraclass correlation
coefficients (ICC [2,1]) for agreement >0.74.15 Construct
validity is strong with clear factorial evidence for scales.2
For this study, internal consistency for the DMQ parent
proxy report was good (a=0.69–0.86)16 and test–retest
reproducibility was excellent (instrumental aspect ICC [3,1]
for consistency=0.86; total motivation ICC [3,1]=0.84).16
The sample was classified using (1) the Manual Ability
Classification System (MACS)17 and (2) the GMFCS.18 For
quality of movement and body function of the impaired
limb, the Melbourne Assessment of Unilateral Upper Limb
Function (MUUL) was used. The MUUL is a reproducible
(interrater ICC [3,1]=0.95 and intrarater ICC [3,1]=0.97)
and valid measure of upper limb impairment and the
quality of upper limb movement.19 For bimanual perfor-
mance, the school-aged (board game) version of the Assist-
What this paper adds
• Consistent, positive parental disciplinary practices are associated with
greater mastery motivation and task persistence.
• Children from single-parent families with siblings reacted more negatively to
failure than children without siblings from two-parent families.
• In mild impairment, age, sex, limitations in manual ability and movement
and body function of the impaired limb do not contribute significantly to
mastery motivation.
• Greater understanding of children’s mastery motivation may contribute to
improved treatment planning and therapy outcomes.
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ing Hand Assessment (AHA) was used. The AHA is a Ras-
ch-analysed, reproducible (interrater ICC [3,1]=0.98,
intrarater ICC [3,1]=0.99, test–retest ICC [3,1]=0.98), and
valid measure of the effectiveness with which a child with
unilateral impairment spontaneously or typically uses their
impaired hand in bimanual activities.20 The AHA and
MUUL were videotaped and independently scored by two
blinded certified raters.
To examine the relationships between children’s mastery
motivation and parenting style, the Parenting Scale21 was
completed by caregivers. The Parenting Scale is a 30-item
questionnaire measuring three dysfunctional parenting
styles: laxness (permissive, inconsistent discipline), over-
reactivity (harsh, emotional, authoritarian discipline), and
verbosity (lengthy verbal responses).22 The Parenting Scale
has adequate internal consistency (subscales a-values 0.78–
0.85), good test–retest reliability (total score r=0.84), an
ability to discriminate between parents of children in clinic
and parents non-clinic children, and correlations with
observed parenting style and child behaviour.21,22
A study questionnaire was developed to capture demo-
graphic characteristics that have been shown in the litera-
ture to be associated with a child’s developmental
outcomes.4 Characteristics included child’s age and sex,
family type (two-parent/single-parent family), family com-
position (only child/with siblings), and total family income
(AUS$≤80 000/AUS$≥80 001).
Statistical analyses
For this study, 48 child–caregiver dyads were recruited to
investigate the relationships between mastery motivation
and parenting style. Our data indicate that the SD of the
Parenting Scale total score is 0.54, and SD of regression
errors is 0.37. With 80% power, true differences of 0.28
SD points on the DMQ are detectable when examining
the association between Parenting Scale total scores and
DMQ total motivation scores (p=0.05).
Independent samples t-tests were used to compare our
own study sample and (1) the reference sample of typically
developing school-aged children2 and (2) two published
samples of school-aged children with CP.6,13 The signifi-
cance level was set at p<0.01 to account for possible type I
errors arising from multiple comparisons.
Associations between individual (age, sex, limitations in
gross motor function and hand use, quality of movement
and body function of the impaired upper limb, and
bimanual performance) and environmental (parenting style,
family type, composition, and income) factors and motiva-
tion scores were examined in 10 separate multivariable
linear regression models (one overall model, two aspect
models, and seven subscale models). Each model was con-
structed in the same fashion. To identify which variables
could potentially be included in the multivariable model,
we examined every candidate variable univariably. If the
variable was significant at the p≤0.15 level in the univari-
able model, it was considered for inclusion in the multivar-
iable model. A p-value of ≤0.15 was chosen to reduce the
chance of potentially important factors being excluded
from the multivariable model owing to a possible lack of
statistical power.23 All identified variables were entered
into multivariable models one by one in order of decreas-
ing statistical significance. With the addition of each new
variable, each variable currently in the model was tested
for significance using the likelihood ratio test, and was
retained only at a significance level of p<0.05.24 This pro-
cess was continued until all potential variables had been
considered and the most parsimonious model had been
identified. Bootstrapping was utilized to validate all final
models, with repeated samples of the same size as the ori-
ginal, with replacement. Estimations of bootstrap confi-
dence intervals were produced using 2000 replications.25
Assumptions of homoscedasticity, linearity, and normality
were examined using residual plots, p-plots, and case-wise
diagnostics. Multicollinearity was assessed using tolerance
and variance inflation factor statistics. All analyses were
performed using Statistical Package for the Social Sciences
(version 20.0; IBM SPSS Statistics, IBM Corp., NY, USA).
RESULTS
Group characteristics
Characteristics of study participants are summarized in
Table I (with additional information on the Parenting
Scale in Table SI, online supporting information). Forty
eight child–caregiver dyads completed assessments (41
mothers, four fathers, three grandparents). The mean age
of children (33 males, 15 females) was 7 years 11 months
(SD 2y 4mo; MACS level I [n=25] and level II [n=23]) and
GMFCS level I (n=35) and level II (n=13) the predominant
motor type was spastic hemiplegia (n=47).
Level of mastery motivation
Levels of mastery motivation across the seven subscales,
two aspects, and total motivation scores are reported in
Table II. The highest motivation scores were obtained for
mastery pleasure and social persistence subscales and the
lowest scores were obtained for general competence and
object-oriented persistence. Comparisons with a typically
developing sample of school-aged children,2 and two
Canadian samples of school-aged children with CP,6,13 are
shown in Table II.
Factors associated with mastery motivation
Factors associated with mastery motivation (p≤0.15) are
summarized in Table III. All factors considered in univari-
ate analysis are summarized in Table SII (online support-
ing information). Analyses were completed on data sets
with no missing values. Three missing values were identi-
fied for total family income (families chose not to disclose
this information). Missing values were identified for one
participant on the AHA and MUUL. Descriptive statistics
and regression diagnostics identified one potential outlier.
The influence of this individual on all models was investi-
gated. As including the individual made no material differ-
ence to our findings, they were included in all analyses.
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Children’s ages, as well as limitations in gross motor
function (GMFCS) and manual ability (MACS), were not
significantly associated with DMQ instrumental and
expressive aspect or total motivation scores. Sex was associ-
ated with social persistence with children, with males dem-
onstrating greater social persistence than females (b=0.42,
p=0.03). Family type was significantly associated with chil-
dren’s negative reactions to failure (b=0.69, p=0.02), with
children from single-parent families experiencing greater
negative reactions than children from two-parent families.
Parenting styles were significantly associated with the
instrumental aspect and total motivation scores. Parents
who reported greater over-reactivity and verbosity in their
discipline practices had children with significantly lower
levels of gross motor persistence (b=0.28, p=0.03;
b=0.21, p=0.02 respectively). Verbose parents also had
children with lower levels of social persistence with peers
(b=0.25, p=0.02) and lower motivation across the instru-
mental aspect of mastery motivation (b=0.14, p=0.03).
Parents who reported having a higher level of permissive-
ness and inconsistency (laxness) had children with lower
levels of total persistence (instrumental aspect score;
b=0.20, p=0.01) and total mastery motivation (b=0.19,
p=0.01).
The best predictive models of mastery motivation are
presented in Table IV. Children from single-parent fami-
lies experienced lower levels of object-oriented persistence
than children from two-parent families (b=0.62, p=0.02),
whereas children with a higher level of bimanual perfor-
mance demonstrated greater object-oriented persistence
(b=0.02, p=0.02). Parents with increasing levels of verbosity
negatively influenced children’s gross motor persistence
(b=0.22, p=0.01) as did increasing limitations of gross
motor function on GMFCS (b=0.37, p=0.03). Older chil-
dren demonstrated a higher level of gross motor persis-
tence (b=0.06, p=0.05). No factors emerged as predictors
of children’s social persistence with adults, although chil-
dren were more likely to socially persist with peers when
their parents demonstrated less verbose discipline practices
(b=0.25, p=0.02). Family structure emerged as a predictor
of negative reactions to failure on multivariable analyses.
Children who were more likely to react to failure were
those from single-parent families (b=0.88, p=0.004) and
those with at least one sibling (b=0.66, p=0.02). Parents’
Table I: Study participant characteristics compared with a reference sample of typically developing children2 and two separate published samples of
children with cerebral palsy and children with hemiplegia and diplegia from Canada6,13
Independent variables
Study sample of
school-aged children
with congenital
hemiplegia (n=48)
Reference sample
of typically developing
children (n=83a);
Morgan et al.2
Majnemer et al.6
sample of children
with CP (n=74)
Yap et al.13
sample of
children with
hemiplegia and
diplegia (n=31)
Mean age (range) 7y 11mo, SD 2y
4mo (5y 10mo–14y 2mo)
NR (6–12y) 9y 2mo, SD 2y
1mo (5y 10mo–12y 11mo)
6y 4mo,
SD 2y 11mo
(NR)
Male/female, n 33/15 43/41a 46/28 17/14
Teacher aide assistance, n (%) 23 (48) NA NR NR
Motor type
Hemiplegia 48 NA 23 22
Spastic quadriplegia 0 NA 23 0
Diplegia 0 NA 14 9
Gross Motor Function Classification System level, n
I 35 NA 39 28
II 13 NA 13 0
III 0 NA 0
IV–V 0 NA 20 3
Manual Ability Classification System level, n
I 25 NA NR NR
II 23 NA
Study specific independent variables
MUUL Function score, mean,
SD (range) (n=47)
73.8, 18.0 (26.2–97.5) NA NR NR
AHA mean, SD (range) (n=47) 60.9, 16.1 (24.0–93.0) NA NR NR
Single child/with siblings, n (%) 10/28
Two-parent/single parent-family, n 39/9
Income: AUS$ 0–80 000/80 001+,
n (n=45)
23/22
Parenting Scale score, mean, SD (range)
Total scale score (30 items) 2.9, 0.5 (1.8–4.0)
Laxness factor (11 items) 2.5, 0.8 (1.3–4.4)
Over-reactivity
factor (seven items)
2.5, 0.6 (1.3–3.8)
Verbosity factor (seven items) 3.7, 0.9 (1.4–5.4)
aInconsistent sample sizes reported in Dimensions of Mastery Questionnaire manual. NR, not reported; NA, not applicable. MUUL,
Melbourne Assessment of Unilateral Upper Limb Function; AHA, Assisting Hand Assessment.
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laxness in discipline practices was the strongest predictor
of total motivation (b=0.19, p=0.01) and instrumental
aspect scores (b=0.20, p=0.01), with increased laxness
predicting decreased motivation.
DISCUSSION
This study demonstrates relationships between family ecol-
ogy (particularly parenting style and family structure) and
mastery motivation in school-aged children with congenital
hemiplegia. Parents who reported children with greater
total mastery motivation and persistence during tasks also
reported parenting styles that embraced an authoritative
approach by providing clear direction and consequences,
consistency, and structure in the home environment. In
comparison, parents who reported ineffective disciplinary
practices, including lengthy verbal responses and/or a
reliance on talking to their children even when talking was
ineffective (verbosity), reported that their children demon-
strated less persistence with gross motor tasks and social
persistence with peers. Our findings correspond with
previous research suggesting inconsistent, intrusive, and/or
highly directive parental styles are associated with lower
independent mastery behaviours and reduced persistence in
children.3,11,12
Parents of children with neurodevelopmental disorders
and/or behaviour problems are at a higher risk of adopting
ineffective parenting strategies than parents of typically
developing children.26 Exposure to greater challenges and
stressors in family life as a consequence of having a child
with a disability could negatively influence parenting prac-
tices.4,26 Our study showed that children from single-par-
ent families experienced lower levels of object-oriented
persistence and were more emotionally reactive to failure
than children from two-parent families. Children reacted
more negatively to failure if they also had siblings. Chil-
dren with a disability may view their siblings’ performance
on a challenging task as highlighting their own potential
difficulties, and may become frustrated or discouraged,
and/or react negatively to continuous failure at the same
task. Children from single-parent families with multiple
siblings may also be in situations with higher stress and
less consistent support. High levels of parenting-related
maternal stress have been reported to affect a mother’s
ability to skilfully care for her children.27 Increased respon-
sibilities, demands, and stressors associated with sole par-
enting of a child with a disability (and typically developing
siblings) may result in single parents being more permis-
sive, being less consistent, and lacking enforcement of rules
and consequences in the home environment.
As child–caregiver interaction plays a critical role in the
development of children’s mastery behaviours,4 therapists
should be encouraged to incorporate parent support strate-
gies in early intervention programmes. Strategies to engage
children in challenging tasks such as optimal task chal-
lenge, process-focused feedback, and task scaffolding can
be modelled for parents within the context of therapy
interventions as a means of encouraging generalization in
home environments. Consistent application of these prac-
tices may enhance children’s persistence with challenging
tasks and positively impact the outcomes of rehabilitation
interventions.
Bimanual performance was significantly associated with
persistence on object-oriented tasks (b=0.02, p=0.02). Tasks
include puzzles and games which often require the use of
both hands. Children with poor bimanual performance are
likely to experience greater frustration and frequent failure
when attempting to master tasks requiring proficient
bimanual coordination and dexterity. These children may
then be less inclined to persist with tasks perceived as too
challenging for their bimanual ability. Gross motor persis-
tence was associated with children’s limitations in gross
motor function. Younger children who walked with limita-
tions (GMFCS level II) and who had parents who relied on
using lengthy verbal responses with their children, even
when talking was ineffective (verbosity), demonstrated less
persistence in gross motor tasks than older, more mildly
Table II: Comparisons of primary caregiver perspectives of mastery motivation of the study sample compared with a reference sample of typically
developing children2 and two separate published samples of children with cerebral palsy6 and children with hemiplegia and diplegia13 from Canada
Dimensions of Mastery Questionnaire
subscales and aspects
Study sample (n=48):
mean, SD (range)
Reference sample
of typically
developing children
(n=83); Morgan et al.:2
mean, SD (range)
Majnemer et al.6
sample of children
with CP (n=74): mean,
SD (range)
Yap et al.13 sample
of children
with hemiplegia &
diplegia (n=31):
mean, SD (range)
Instrumental aspect (four subscales) 3.6, 0.4 (2.9–4.4) NR NR 3.7, 0.4 (2.8–4.7)
Object-oriented persistence (nine items) 3.1, 0.7 (1.8–4.8) 3.6, 0.7 (NR)a 2.6, 0.9 (NR)a 3.2, 0.6 (2.1–4.4)
Gross motor persistence (eight items) 3.6, 0.6 (2.5–4.6) 3.7, 0.9 (NR) 2.8, 0.9 (NR)a 3.6, 0.7 (1.9–4.9)
Social persistence with adults (six items) 4.1, 0.7 (2.8–5.0) 4.1, 0.7 (NR) 3.4, 0.9 (NR)a 4.1, 0.6 (3.0–5.0)
Social persistence with children (six items) 3.7, 0.6 (2.5–5.0) 4.2, 0.7 (NR)a 3.1, 0.9 (NR)a 4.0, 0.7 (1.8–5.0)
Expressive aspect (two subscales) 3.9, 0.5 (3.0–5.0) NR NR NR
Mastery pleasure (six items) 4.5, 0.5 (3.2–5.0) 4.5, 0.5 (NR) 3.8, 0.9 (NR)a 4.3, 0.5 (3.0–5.0)
Negative reactions to failure (five items) 3.2, 0.8 (2.0–5.0) 2.7, 0.8 (NR)a NR 2.7, 0.8 (1.0–4.8)
General competence (five items) 2.8, 0.7 (1.4–4.2) 3.9, 0.7 (NR)a 2.6, 0.9 (NR) 3.2, 0.6 (2.0–4.2)a
Total motivation score (five subscalesb) 3.8, 0.4 (3.0–4.5) NR NR 3.8, 0.4 (3.0–4.7)
aSignificant difference between study sample and this sample p=0.01; two-tailed. bTotal motivation score comprises: object-oriented persis-
tence, gross motor persistence, social persistence with adults, social persistence, with children and mastery pleasure. NR, not reported.
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impaired children who walked without limitations (GMFCS
level I). Similarly to bimanual performance, these children
may experience an unwillingness to persist with gross
motor tasks because of a fear of failure and/or perceived
capabilities to master the task. Repeated experiences with
failure may undermine mastery motivation and have a nega-
tive impact on skills development and overall competence.
Children with congenital hemiplegia also demonstrated
less object-oriented persistence and persistence when
socializing with peers than typically developing children.2
Consistent with a previous study in children with CP,6
there were greater negative reactions to failure and less
general competence in children with congenital hemiplegia
than in typically developing peers.2 Compared with the
sample of school-aged children across the spectrum of CP
of Majnemer et al.’s study,6 our sample scored significantly
higher on all DMQ subscales, except for general compe-
tence, which was similar (GMFCS levels I–V; Table II).
When compared with a group of school-aged children with
diplegia and hemiplegia,13 no differences were identified
across the five subscales. A comparison of the present study
to earlier studies6 suggests that increasing limitations in
gross motor function and hand use and greater topographi-
cal distribution of CP may be associated with decreasing
levels of mastery motivation. Although limitations in gross
motor function and hand use were not significantly related
to children’s total mastery motivation in this study, this
may reflect the homogeneity of our sample, all of whom
had a mild impairment (GMFCS level I or II and MACS
level I or II). It is also important to consider that parent
responses could be influenced by underlying factors (such
as parent mental health and/or distress), factors not investi-
gated in this study. A mother’s depression is known to
influence her infant’s persistence with tasks,28 and infants
of mothers with elevated stress levels tend to show lower
levels of mastery motivation in toddlerhood.29 Additionally,
parents under stress often report their children as more
difficult.27 It is likely that these environmental influences
Table III: Relationships between individual and environmental factors and mastery motivation
Dimensions of Mastery Questionnaire
subscales, aspects, total and
independent variables r²
Mean
difference (ba) 95% CI (ba) p
Total motivation scoreb
Parenting Scale total scale scorec 0.10 0.23 0.43 to 0.02 0.03
Laxness factor 0.15 0.19 0.33 to 0.06 0.01
Over-reactivity factor 0.05 0.14 0.32 to 0.05 0.14
Verbosity factor 0.06 0.11 0.23 to 0.02 0.09
Instrumental aspect
Parenting Scale total scale score 0.12 0.27 0.48 to 0.05 0.02
Laxness factor 0.14 0.20 0.34 to 0.05 0.01
Over-reactivity factor 0.06 0.16 0.36 to 0.03 0.10
Verbosity factor 0.09 0.14 0.28 to 0.01 0.03
Object-oriented persistence subscale
Family type (single parent) 0.06 0.44 0.95 to 0.07 0.09
Assisting Hand Assessment 0.07 0.01 0.001 to 0.02 0.08
Parenting Scale laxness factor 0.07 0.23 0.49 to 0.02 0.07
Gross motor persistence subscale
Age (y) 0.08 0.07 0.002 to 0.14 0.06
Gross Motor Function Classification System (level I/II) 0.06 0.32 0.68 to 0.04 0.08
Family income 0.07 0.29 0.62 to 0.05 0.09
Parenting Scale total scale scorec 0.13 0.37 0.66 to 0.08 0.01
Laxness factor 0.06 0.10 0.38 to 0.03 0.09
Over-reactivity factor 0.10 0.28 0.54 to 0.02 0.03
Verbosity factor 0.11 0.21 0.39 to 0.04 0.02
Social persistence with adults subscale
Parenting Scale laxness factor 0.08 0.23 0.47 to 0.01 0.06
Social persistence with children subscale
Child’s sex (male) 0.10 0.42 0.04 to 0.81 0.03
Parenting Scale total scale scorec 0.05 0.27 0.61 to 0.07 0.12
Verbosity factor 0.12 0.25 0.45 to 0.05 0.02
Expressive aspect
Family type (single parent) 0.11 0.42 0.06 to 0.78 0.02
Mastery Pleasure subscale
Parenting Scale laxness factor 0.06 0.17 0.37 to 0.03 0.09
Negative reactions to failure subscale
Family type (single parent) 0.11 0.69 0.10 to 1.28 0.02
Siblings (with siblings) 0.04 0.42 0.16 to 1.01 0.15
Factors are reported if they are significant at p≤0.15 in univariable linear regression analysis. The total sample of school-aged children with
congenital hemiplegia was n=48 (except for Assisting Hand Assessment [n=47] and family income [n=45]). A p-value of ≤0.15 was chosen
to minimize the possibility of potentially important factors being excluded from the multivariable model owing to a possible lack of statisti-
cal power. The Dimensions of Mastery Questionnaire subscale of general competence has not been reported in this table as it is not a
measure of mastery motivation. aBeta parameter estimate, non-standardized. bTotal motivation score comprises five subscales (object-ori-
ented, gross motor, social persistence with adults, social persistence with children, and mastery pleasure). cParenting Scale total scale
score comprises three factors (laxness, verbosity, and over-reactivity). CI, confidence interval.
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interact with each other and their relationship with chil-
dren’s mastery motivation is reciprocal.4 Parents’ capacities
to optimally support children to attempt and persevere
with potentially challenging tasks should be considered as
a core aspect of rehabilitation interventions.
This prospective cross-sectional study used valid and
reproducible tools with good measurement properties;
however, some limitations have been identified. Parenting
styles and children’s mastery motivation were based on
parental reports, raising the potential of respondent bias. A
parent’s perception of his or her child’s mastery motivation
is captured in the DMQ score. When using structured
tasks, children with developmental disabilities have been
reported to have levels of motivation similar to that of age-
matched peers,30 whereas parent proxy reports of motiva-
tion have been less favourable.31 Unexplained variance
indicates that other factors which were not evaluated in
this study influenced children’s mastery motivation.
Our study sample comprised a homogeneous group of
children with relatively mild limitations in hand use
(MACS level I or II) and gross motor function (GFMCS
level I or II) and comparisons across levels of impairment
were not possible; consequently, the results may not be
generalizable to children with more severe limitations.
Children with congenital hemiplegia are reported by
parents to demonstrate less mastery motivation. As the
most salient people in children’s lives, parents have the
potential to enhance children’s persistence with challenging
tasks, influencing the development of skills, perceived capa-
bilities, and overall competence. Rehabilitation efforts need
to support parents in utilizing positive parenting styles
during interventions and within the home environment to
maximize children’s task persistence.
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Table SI: Caregiver results for The Parenting Scale (n=48) (Arnold, O'Leary, Wolff, & 
Acker, 1993) 
Question number Mean (SD) 
1-7 
Range 
1-7 
1 2.17 (1.51) 1-7 
2 R 4.52 (1.87) 1-7 
3 R 3.50 (1.76) 1-7 
4 4.33 (1.79) 1-7 
5 3.85 (1.76) 1-7 
6 R 2.71 (1.29) 1-6 
7 2.60 (1.71) 1-7 
8 2.31 (1.04) 1-5 
9 R 2.63 (1.27) 1-6 
10 R (3.75 (1.12) 1-6 
11 3.85 (1.56) 1-7 
12 1.79 (0.82) 1-4 
13 R 1.96 (0.97) 1-6 
14 R 1.52 (0.74) 1-4 
15 2.73 (1.28) 1-6 
16 2.88 (1.12) 1-6 
17 R 2.19 (1.00) 1-5 
18 1.90 (1.02) 1-4 
19 R 3.08 (1.44) 1-6 
20 R 2.35 (1.16) 1-6 
21 2.50 (1.19) 1-5 
22 3.40 (1.32) 1-6 
23 R 4.60 (1.55) 1-7 
24 3.40 (1.70) 1-7 
25 1.98 (1.08) 1-4 
26 R 2.08 (1.13) 1-6 
27 R 4.94 (1.88) 1-7 
28 1.23 (0.66) 1-4 
29 3.44 (1.68) 1-7 
30 R 2.17 (1.14) 1-7 
Laxness Factor 2.54 (0.78) 1.27-4.36 
Over reactivity Factor 2.48 (0.62) 1.30-3.80 
Verbosity Factor 3.71 (0.89) 1.43-5.43 
Total Scaled Score 2.88 (0.54) 1.80-3.97 
 
Note: R – score reversed when calculating factor and total scores . Arnold, D. S., O'Leary, S. 
G., Wolff, L. S., & Acker, M. M. (1993). The Parenting Scale: A measure of dysfunctional parenting 
in discipline situations. Psychological Assessment, 5(2), 137-144. doi: 10.1037/1040-3590.5.2.137 
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6.3 Summary and Conclusions 
This study supports previous evidence that children with CP are reported by their parents to 
demonstrate lower levels of persistence and greater negative reactions to failure than their typically 
developing peers (Majnemer, Shevell, et al., 2010; Majnemer et al., 2013; Miller, Ziviani, Ware, et 
al., 2014b; Yap et al., 2010). These findings represent an extension of knowledge of our 
understanding of levels of motivation (parent-reported) in children with CP. In addition and more 
importantly, this paper provides new data about relationships between children’s mastery 
motivation and individual and environmental factors. This study identified a clear relationship 
between mastery motivation and children’s bimanual performance, and family ecology (parenting 
style and family structure). Specifically, functional parenting styles were found to positively 
influence children’s mastery motivation. Children’s object-oriented persistence was positively 
related to bimanual performance and family structure (two-parent families).  
This study contributes valuable knowledge regarding the individual and environmental 
characteristics requiring careful consideration by clinicians working with children and their families 
in rehabilitation settings. A clear direction for future clinical practice is provided. Following on 
from this cross-sectional study, the next step in the thesis was to determine whether children’s 
mastery motivation impacted therapy outcomes following UL interventions. This would provide 
valuable knowledge regarding the potential importance of attending to children’s individual 
motivational predispositions as part of the therapy process. 
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Chapter 7: Predictors of Occupational Performance Outcomes at 13 Weeks Post-
Intervention 
7.1 Introduction to Chapters 7 and 8 
The extent to which specific aspects of mastery motivation contributed to individualised 
outcomes for children with congenital hemiplegia following two different goal-directed upper limb 
interventions is reported in Chapters 7 and 8. Chapter 7 reports on the relationships between 
mastery motivation and occupational performance outcomes at 13 weeks following UL 
intervention. Chapter 8 comprises a longitudinal prediction study which determined whether 
mastery motivation at baseline was predictive of occupational performance outcomes at two time 
points, immediately following and at six months post UL intervention.  
7.2 Paper 5: Mastery Motivation as a Predictor of Occupational Performance Outcomes 
following Upper Limb Intervention for Children with Congenital Hemiplegia  
This paper was published in Developmental Medicine and Child Neurology in 2014. 
Miller, L., Ziviani, J., Ware, R.S., & Boyd, R.N. (2014). Mastery motivation as a predictor 
of occupational performance following upper limb intervention for school-aged children with 
congenital hemiplegia. Developmental Medicine and Child Neurology, 56, 976-983. doi: 
10.1111/dmcn.12471 
Copyright clearance to include this publication in the thesis was obtained from Informa 
Healthcare via Rightslink on April 26th, 2014.  
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ABBREVIATIONS
AHA Assisting Hand Assessment
BIM Bimanual Training
CIMT Constraint-induced movement
Therapy
COMBiT Constraint-induced Movement
and Bimanual Therapy
COPM Canadian Occupational Perfor-
mance Measure
DMQ Dimensions of Mastery Ques-
tionnaire
mCIMT Modified constraint-induced
movement therapy
MACS Manual Ability Classification
System
MUUL Melbourne Assessment of Uni-
lateral Upper Limb Function
ULI Upper limb intervention
AIM To determine the extent to which children’s mastery motivation predicts occupational
performance outcomes following upper limb intervention (ULI).
METHOD In this cohort study, participants received 45 hours of ULI, either in an intensive
group-based or distributed individualized model. The Dimensions of Mastery Questionnaire
(DMQ) measured mastery motivation at baseline. Occupational performance outcomes were
assessed at baseline and 13 weeks’ post-intervention using the Canadian Occupational
Performance Measure (COPM). Multivariable models determined the contribution of mastery
motivation to COPM outcome irrespective of group membership.
RESULTS Forty-two children with congenital hemiplegia (29 males, 13 females; mean age 7y
8mo [SD 2y 2mo]; range 5y 1mo–12y 8mo; Manual Ability Classification System [MACS] I=20
and II=22; predominant motor type unilateral spastic n=41) participated in the study.
Significant gains were seen in COPM performance and satisfaction scores (p<0.001) post-
intervention with no between group differences. Children who had greater persistence with
object-oriented tasks (p=0.02) and better manual ability (p=0.03) achieved higher COPM
performance scores at 13 weeks. Children’s persistence on object-oriented tasks was the
strongest predictor of COPM satisfaction (p=0.01).
INTERPRETATION Children’s persistence with object-oriented tasks as well as manual abilities
needs to be considered when undertaking ULI. Predetermining children’s motivational
predispositions can assist clinicians to tailor therapy sessions individually based on
children’s strengths, contributing to effective engagement in ULI.
Upper limb rehabilitation interventions for children with
unilateral cerebral palsy (CP) aim to enhance children’s
occupational performance and community participation.1
Occupational performance is the act of doing and accom-
plishing meaningful activities involving interactions among
the individual and his or her personal characteristics, envi-
ronmental factors and the activity/occupation undertaken.2
Goal-directed upper limb training has been successful in
enhancing functional outcomes of children with CP.3
These interventions utilize individually tailored goals to
harness child’s motivation, energize and direct independent
mastery attempts, and optimize therapy outcomes.3
Upper limb rehabilitation programmes for children with
unilateral CP are resource-intensive and therefore costly
and time consuming. Numerous studies have contributed
to our understanding of how children with unilateral CP
respond to upper limb interventions (ULI), particularly
using constraint-induced movement therapy (CIMT) and
bimanual training (BIM).4,5 Despite increased knowledge
regarding optimal protocols for these interventions, our
understanding of individual and environmental factors
influencing motor and functional changes in these children
remains limited.6
Motivation has been identified as the only individual
characteristic unrelated to health state, that influences
motor change and functional outcomes for children
with CP engaged in rehabilitation programmes.6 Mastery
motivation specifically, is an intrinsic force that provides
individuals with the drive to independently persist with
solving difficult problems and master challenging tasks in
their environment.7 It has a bidirectional role influencing
children’s activity, leisure, and participation.8,9 Children
976 DOI: 10.1111/dmcn.12471 © 2014 Mac Keith Press
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with CP have been reported by their parents to have lower
levels of mastery motivation than parent reports of children
without disabilities.10 The impact of persistence on the
development of functional skills following intervention,
however, has not been explored.6
Family ecology has been identified as an environmental
determinant factor with the potential to influence
functional outcomes in children with CP.6 Clinicians
report supportive parenting, positive family expectations
and informal support to the family as important influences
on child development; there is, however, limited empirical
evidence to support these assumptions.6 Children’s mastery
motivation is known to be associated with parenting style
and family structure,11 and this may be the process
through which family ecology influences the effectiveness
of interventions.
The aim of this study was to determine the impact of a
child’s MASTERY MOTIVATION on occupational
performance outcomes at 13 weeks following ULI when con-
trolling for family ecology and other potentially confounding
characteristics. We hypothesized that children’s persistence
with challenging tasks would be positively associated with
favorable individualized outcomes post-intervention, when
controlling for family ecology, age, sex, and upper limb
capacity.
METHOD
This cohort study was positioned within a larger random-
ized trial (Constraint-induced Movement and Bimanual
Therapy [COMBiT] trial; NHMRC 1003887)12 for
school-aged children with congenital hemiplegia. The
COMBiT study compares a novel hybrid model of upper
limb rehabilitation comprising an intensive block of group-
based modified CIMT (mCIMT) followed by intensive
BIM delivered in a day-camp model, with a distributed
individualized model of standard occupational therapy
care.12
Participants
Participants were recruited to the larger randomized compari-
son trial (COMBiT) through a population-based research
database in Queensland, Australia (n=167 eligible). Partici-
pants were aged 5 to 16 years and had a diagnosis of congeni-
tal hemiplegia, reduced upper limb function caused by
predominant spasticity rather than dystonia, and adequate
cognitive understanding and cooperation to participate in
ULI. Exclusion criteria comprised: severe muscle spasticity or
fixed contracture in the upper limb (Modified Ashworth Scale
>grade 3, i.e. muscle contracture or rigidity); previous upper
limb surgery; and/or receipt of intramuscular botulinum
toxin A injections up to 6 weeks before baseline assessments.
Children were matched in pairs (age, sex, upper limb func-
tion) and randomized within pairs to either COMBiT or
Standard Care from concealed envelopes opened by non-
study personnel.
Children were assessed at baseline and 13 weeks follow-
ing intervention by two experienced occupational therapists
according to the study protocol.12 Data for this study were
available from the 42 children who remained in the study.
Ethical clearance was obtained from the Medical
Ethics Committee of The University of Queensland
(2011000553), Queensland Children’s Health Services
(RCH) Human Research Ethics Committee (HREC/11/
QRCH/37) and The Cerebral Palsy League Ethics Com-
mittee (CPL-2012-004). Written, informed consent was
obtained from all parents or guardians and participants (if
12y of age or older) before entering the trial.
The randomized trial compared two upper limb treat-
ment models: Model 1: Hybrid combined two upper limb
training approaches: (1) mCIMT involving restraining the
unimpaired hand in a glove-like splint to enable intense
training and practice of skills on the impaired side for five
consecutive days followed by an equal dose of (2) BIM
which encourages use of both hands in two-handed
activities. This intervention was conducted at a community
facility and delivered intensive activity-based and goal-
directed upper limb training within a group ‘day-camp’
model. Therapy comprised 45 hours of direct upper limb
training and 10 hours of general upper limb strengthening
activities. Model 2: Standard Care involved individually tai-
lored occupational therapy sessions in a distributed model
of service delivery. Nine hours of direct upper limb ther-
apy comprised 6 hours of individual occupational therapy
with 3 hours of home programme development and review.
Families were provided with home programmes to practice
goal areas for 12 weeks from commencement of individual
therapy sessions (30min practice each day, 6d/wk for
12wks=36h indirect upper limb therapy) for a total dose of
45 hours of upper limb training.
As part of direct upper limb therapy programmes,
individualized goals were addressed within therapy sessions
and in the home environment. Detailed content and format
of the interventions are described in the study protocol.12
Measures
The primary outcome measure was the Canadian Occupa-
tional Performance Measure (COPM).13 The COPM is a
standardized, individualized, client-centered measure that
evaluates clients’ self-perception of occupational perfor-
mance over time. The COPM formed the basis of goal
setting for therapy. Children in collaboration with their
caregivers identified areas of difficulty in everyday occupa-
tional performance across the domains of self-care, leisure,
and productivity (school-related) and generated goals rele-
vant to these. Children and their caregivers selected three
to five goals based on their personal importance. Goals
What this paper adds
• Knowledge of children’s motivation may assist therapists determine optimal
interventions and therapeutic contexts for children.
• To promote mastery motivation and functional outcomes, therapy activities
should encourage autonomy, independent problem-solving, and task persis-
tence.
• To enhance mastery motivation, clinicians should encourage consistent and
autonomy-supportive parenting practices within the home.
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could be in any COPM domain but required a focus rele-
vant to upper limb rehabilitation (see Results section for
examples). Level of performance and satisfaction for each
goal were rated on a scale from 1 to 10. Average scores for
performance and satisfaction were calculated. The COPM
has good construct, content and criterion validity13,14 and
adequate test–retest reproducibility.15,16 It has demon-
strated responsiveness to change in paediatric clinical trials
with a two-point change being considered clinically signifi-
cant.13
The Dimensions of Mastery Questionnaire (DMQ)7 par-
ent proxy-report was utilized to determine caregiver’s per-
ceptions of their child’s mastery motivation. It comprises
45 items across seven subscales and two aspects of mastery
motivation. The instrumental aspect focuses on persistence
with tasks and includes the subscales of object-oriented
persistence, gross motor persistence, and social persistence
with adults and peers. The expressive aspect comprises
subscales of negative reactions to failure and mastery plea-
sure. General competence is a separate construct which
measures the child’s ability to master tasks relative to
peers. The DMQ has high item internal consistency
(a>0.74)7 and good test–retest reproducibility (intraclass
correlation coefficients [ICCs] [2,1] 0.74–0.82 on instru-
mental subscales).17 The test–retest reproducibility of the
DMQ in this study population is reported elsewhere.18
Two measures of family ecology were utilized including
the Parenting Scale19 and a study questionnaire. The Par-
ent Scale is a parent-report questionnaire comprising 30
items measuring three ineffective parenting styles: laxness
(permissive, inconsistent discipline); over-reactivity (harsh,
emotional, authoritarian discipline and irritability); and
verbosity (lengthy verbal responses).19 The Parent Scale
has adequate internal consistency (a 0.78–0.85), good test-
retest reproducibility (r=0.84 for the total score), and ade-
quate discriminative and concurrent validity.19,20 The study
questionnaire was designed to capture additional environ-
mental demographic information including family structure
(one- or two-parent family), composition (only child or
with siblings) and total income (AUD≤0–80 000 or
AUD≥80 001 plus).
Participants were classified using the Gross Motor Func-
tion Classification System (GMFCS)21 and the Manual
Ability Classification System (MACS).22 Quality of move-
ment and function of the impaired upper limb were mea-
sured using the Melbourne Assessment of Unilateral
Upper Limb Function (MUUL). The MUUL is a repro-
ducible and valid measure of upper limb impairment and
quality of upper limb function.23 Bimanual performance
was assessed using the Assisting Hand Assessment (AHA).
It is a valid and reproducible (interrater ICC[3,1]=0.98, in-
trarater ICC[3,1]=0.99, test-retest ICC[3,1]=0.98) Rasch
analyzed measure of children’s spontaneous or typical use
of their impaired hand in bimanual activities.24 The AHA
and MUUL assessments were videotaped and indepen-
dently scored by two certified raters masked to group
allocation and order of assessment.
All measures were selected as they have sound clinimet-
ric properties for use with this population and measure
constructs shown in the literature to influence a child’s
outcomes.25
Statistical analyses
For this study, 42 children were available to determine the
extent to which children’s mastery motivation predicted
occupational performance outcomes following ULI. Our
data indicates the standard deviation (SD) of children’s
total motivation score was 0.39 and the SD of the
regression errors was 1.54. With 80% power, clinically
important differences of two points or greater were
detectable when examining the association between COPM
performance scores at 13 weeks’ post-intervention and
DMQ total motivation scores (a=0.05).13
Descriptive statistics were calculated for COPM out-
comes and individual (mastery motivation, age, sex, MACS,
GMFCS, quality of upper limb movement and function,
bimanual performance) and environmental (parenting style,
family structure, composition, income) predictor variables.
Between intervention-group differences from baseline to
follow-up assessments were evaluated using independent
samples t-tests (p≤0.05). As no clinically significant differ-
ences were identified, data from both intervention groups
were pooled and analyzed together to increase study
power. Univariable linear regression was used to model
relationships between individual independent variables and
COPM performance and satisfaction scores. Variables with
significant univariable relationships were included in multi-
variable analyses to establish which multivariable models
best explained COPM performance and satisfaction scores
at 13 weeks. The level of significance was set at p≤0.15 to
reduce the chance of potentially relevant variables being
excluded in the multivariable model because of a possible
lack of statistical power.26 Individual and environmental
variables were systematically entered into multivariable
models in order of decreasing significance. Likelihood ratio
tests were applied at each step to test for significance for
each added predictor variable. Retention of predictor vari-
ables in the model occurred only when the p value was
≤0.05.27 This process was continued until all potential vari-
ables had been considered, and the most parsimonious
model identified. Bootstrapping was utilized to validate all
final models, with repeated samples of the same size as the
original, with replacement. Estimations of bootstrap
confidence intervals were produced using 2000 replica-
tions.28 Assumptions were checked using residual plots,
p-plots and casewise diagnostics. Tolerance and variance
inflation factor statistics assessed multicollinearity. Analyses
were performed using Statistical Package for the Social
Sciences (SPSS, version 21.0; IBM SPSS Statistics, IBM
Inc. NY, USA).
RESULTS
Fifty-three children entered the study, of which 46
completed baseline assessments and 44 the intervention
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(Fig. 1). Five children (9%) initially randomized in the
study withdrew before completion of baseline assessments;
four because of family circumstances and one because of
illness. Two children were excluded at baseline; one was
determined ineligible and one because of assessment
administration error. During the intervention phase, two
children withdrew; one because of family circumstances
and one because of behavioural difficulties. Forty two
children (79% retention) attended 13 weeks’ follow-up
assessments. Two children failed to attend because of fam-
ily circumstances. Analyses were completed on data sets
with no missing values. Three missing values were identi-
fied for total family income (families chose not to disclose
this information).
Children were mean age 7 years 8 months (SD 2y 2mo);
range 5 years 1 month to 12 years 8 months; 29 males, 13
females; MACS levels I=20 and II=22; predominant motor
type unilateral spastic n=41 (Table I). There were no
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Figure 1: Constraint-induced Movement (CIMT) and Bimanual Therapy (COMBiT) trial profile following Consolidated Standards of Reporting Trials guide-
lines.
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significant differences between intervention groups on any
predictor or outcome (COPM performance and satisfac-
tion) variable at baseline (n=46) or 13 weeks’ follow-up
(n=42; Table SI, online supporting information).
For COPM, 189 goals (n=42) were evaluated at follow-
up. Sixty-eight per cent of these were specific to self-care,
19% to leisure, and 13% to productivity (school-related).
Self-care goals included knife and fork skills, stabilizing
plates, socks, shoes and shoelaces, fasteners and tying back
hair. Goals in the leisure domain related to bat and ball
skills, sports (cricket, rugby) and playground (monkey bars).
School-related (productivity) goals focused on computer
skills and stabilizing paper when writing. Significant gains
were seen in COPM performance (mean difference=3.00
[SD=1.74]; p<0.001) and COPM satisfaction (mean differ-
ence=3.16 [SD=2.08]; p<0.001) post-intervention.
Individual and environmental factors were associated
with COPM performance and satisfaction scores following
intervention (p≤0.15) (Table II). All factors included in
univariable analyses are summarized in Table SII (online
Supporting Information). Children who demonstrated
greater persistence with moderately challenging tasks
(b=0.77, p=0.02) and had better manual ability (MACS I,
b=0.99, p=0.03) achieved higher performance scores on
the COPM at 13 weeks’ post-intervention than those with
more limited manual ability (MACS II) and less object-ori-
ented persistence (p=0.005) (Table III). For COPM satis-
faction scores at 13 weeks’ post-intervention, children’s
persistence on object-oriented tasks alone was the most
significant predictor (b=0.97, p=0.01) (Table III). Although
parenting laxness was independently associated with
COPM satisfaction on univariable analyses (p=0.05), it did
not significantly contribute to multivariable models.
Children’s age and sex were not significantly associated
with COPM performance or satisfaction outcomes post-
intervention (Table SII).
DISCUSSION
Children’s task-directed persistence significantly affected
occupational performance outcomes following ULI. Impro-
vements in children’s performance on targeted goals were
significantly associated with object-oriented persistence and
manual ability, but no other individual or environmental
factors. Satisfaction with performance was also predicted
by task-oriented persistence.
Seventy-seven per cent of children achieved a clinically
significant improvement of two or more points on COPM
performance outcomes following ULI regardless of group
allocation. Of the six mastery motivation subscales
measured in the DMQ, task-directed persistence (a key
indicator of mastery motivation)7 predicted individualized
outcomes. This is not entirely surprising as 68% of
identified goals for ULI across both treatment groups were
mastery goals related to specific self-care and daily living
tasks. These goals reflect the developmental stage of chil-
dren where mastery and independence in self-care tasks is
of increasing importance. Acquisition of self-care skills
such as independently tying shoelaces or doing up buttons
requires children with congenital hemiplegia to develop
strategies and repeatedly practice tasks (task persistence)
they find difficult caused by upper limb impairments.
Defining moderately challenging and functional goals
enabled children to clearly articulate what they wanted to
achieve and enhanced engagement in therapy.29
Our findings are consistent with those of Hauser-Cram
et al.25 who found that in combination both mastery moti-
vation (p<0.01) and motor impairment (p<0.05) are the best
indicators of daily living skills of children with disabilities
over time. In cross-sectional studies of children with
CP, greater levels of persistence have been associated
with fewer activity limitations, increased involvement in
Table I: Study participant characteristics (n=42)
Independent variables
Distribution
(n=42)
Age (y), mean (SD) range 7y 8mo (2y 2mo)
5y 1mo–12y 8mo
Sex n male/female 29 13
Treatment n COMBiT/
Standard Care
24/18
Teacher aide assistance n (%) 20
GMFCS n Level I/Level II 29/13
MACS n Level I/Level II 20 22
MUUL median (25th–75th centiles) 74.60 (61.50–90.03)
AHA median (25th–75th centiles) 62.00 (49.00–69.25)
Single child/with siblings n 10/32
Two-parent/single-parent family 33/9
Income (n=40)a
AUD 0–80 000/80 001+ n
19 20
DMQ median (25th–75th centiles)
Total motivation score 3.74 (3.47–4.00)
Instrumental aspect 3.48 (3.20–3.83)
Object oriented persistence 2.89 (2.53–3.56)
Social persistence with adults 4.08 (3.46–4.67)
Social persistence with children 3.67 (3.17–4.04)
Gross motor persistence 3.50 (3.09–4.00)
Expressive aspect 3.77 (3.48–4.38)
Mastery pleasure 4.67 (4.17–5.00)
Negative reactions to failure 3.20 (2.55–4.00)
General competence 2.60 (2.20–3.20)
Parenting Scale median
(25th–75th centiles)
Total scale score (30 items) 2.95 (2.5–3.23)
Laxness factor (11 items) 2.55 (1.91–2.93)
Over reactivity factor (7 items) 2.55 (2.08–2.92)
Verbosity factor (7 items) 3.93 (3.07–4.57)
COPM performance median
(25th–75th centiles)
Baseline 3.00 (2.00–3.65)
13 weeks 6.20 (4.95–7.33)
COPM satisfaction median
(25th–75th centiles)
Baseline 3.58 (2.70–4.81)
13 weeks 7.00 (6.00–8.21)
COPM goals at 13 weeks n (%)b
Self-care goals 128 (68)
Productivity goals 24 (13)
Leisure goals 37 (19)
aThree missing values. bPercentage of total goals set across all par-
ticipants. COMBiT, Constraint induced Movement and Bimanual
Therapy; GMFCS, Gross Motor Function Classification System;
MACS, Manual Ability Classification System; MUUL, Melbourne
Assessment of Unilateral Upper Limb Function; AHA, Assisting
Hand Assessment; DMQ, Dimensions of Mastery Questionnaire;
COPM, Canadian Occupational Performance Measure.
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recreational activities,8 and a preference for skill-based and
active-physical leisure pursuits.9
Children in this study set goals in collaboration with
their caregivers. The nature of ULI in the motor rehabili-
tation of children with CP is task-oriented practice, with a
strong focus on mastery of tasks requiring proficient upper
limb function. It is possible that if children were responsi-
ble for self-selecting their goals, the occupational area of
leisure would have received greater attention than self-care.
In this circumstance it could be speculated that other
subscales of the DMQ subscales, including gross motor
persistence and social persistence with peers, may have
emerged as important predictors of change.
Our study supports theoretical understandings of the
reciprocal relationship that exists between persistence and
satisfaction.30,31 Children who demonstrated greater task
persistence (and achieved more favorable outcomes) were
more satisfied with their performance than children with
less persistence. Acquisition of skills is thought to provide
children with a sense of satisfaction which enhances self-
efficacy and drives them to master other tasks.30 Highly
motivated children also tend to attribute successful perfor-
mance of a task to their effort, persistence and resilience,
rather than a reflection of ability, and are therefore more
likely to continue persisting when successful.31
How children use their hands to handle objects in daily
activities (MACS) was also predictive of functional
performance outcomes. Children who were able to handle
objects easily and successfully (MACS I) achieved more
favorable outcomes than children who were able to handle
most objects but with somewhat reduced quality and/or
speed of achievement (MACS II). Children’s task persistence
Table II: Relationships between Canadian Occupational Performance Measure (COPM) performance and satisfaction scores at 13 weeks post-interven-
tion and individual and environmental factors in school-aged children with congenital hemiplegia (n=42)
COPM score at 13wks and independent variables r² ba 95% CI ba p
COPM performance score
COPM performance score
at baseline
0.07 0.33 0.06 to 0.72 0.09
MACS (Level II) 0.13 1.13 2.06 to 0.20 0.02
MUUL 0.06 0.02 0.05 to 0.05 0.11
AHA 0.09 0.03 0.001 to 0.06 0.06
DMQ total motivation scorea 0.06 1.00 0.31 to 2.15 0.13
Instrumental aspectb 0.06 0.94 0.27 to 2.15 0.12
Object oriented persistence 0.14 0.88 0.19 to 1.32 0.01
COPM satisfaction score
Sex (male) 0.05 0.78 2.10 to 0.20 0.14
AHA 0.06 0.03 0.01 to 0.06 0.11
DMQ total motivation scorea 0.06 1.16 0.28 to 2.60 0.11
Instrumental aspect 0.06 1.03 0.31 to 2.34 0.13
Object oriented persistence 0.14 0.97 0.31 to 2.34 0.01
Parenting scale laxness factor 0.10 0.76 1.50 to 0.02 0.05
Factors are reported if they are significant at p≤0.15 in univariable linear regression analysis. aTotal motivation score comprises five sub-
scales (object oriented, gross motor, and social persistence with adults and children, mastery pleasure). bInstrumental aspect comprises
four subscales (object oriented, gross motor, and social persistence with adults and children). The level p≤0.15 was chosen to minimize
the likelihood of potentially important factors being excluded from the multivariable model because of lack of statistical power for some
factors. bª Beta parameter estimate non-standardized; CI, confidence interval; MACS, Manual Ability Classification System; MUUL, Mel-
bourne Unilateral Assessment of Upper Limb Function; AHA, Assisting Hand Assessment; DMQ, Dimensions of Mastery Questionnaire;
GMFCS, Gross Motor Function Classification System.
Table III: Multivariable models of Canadian Occupational Performance Measure (COPM) performance and satisfaction scores at 13 weeks post-inter-
vention and individual and environmental factors in school-aged children with congenital hemiplegia (n=42)
COPM score at 13wks and
independent variables
Model effects Parameter estimates Bootstrap
Complete
data set (n) r²
p value
(model) bª 95% CI (b) p (b) Estimate BCa 95% CI
COPM performance score 42 0.24 0.01
MACS (Level II)
DMQ object-oriented
persistence
0.99
0.77
1.88 to 0.10
0.11 to 1.44
0.03
0.02
0.99
0.77
1.18 to 0.16
0.11 to 1.40
COPM satisfaction score
DMQ object-oriented
persistence
42 0.14 0.01 0.97 0.21 to 1.74 0.01 0.97 0.30 to 1.70
Factors included in final model are significant at p<0.05. bª, Beta parameter estimate non-standardized; CI, confidence interval; BCa, Bias-
corrected and accelerated bootstrap. MACS, Manual Ability Classification System; DMQ, Dimensions of Mastery Questionnaire.
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may develop as a result of upper limb manual ability.11 Chil-
dren with greater tenacity may also demonstrate increased
persistence when attempting to master activities of daily liv-
ing and develop innovative strategies to solve challenges
faced when handling objects. Through persistent problem-
solving these children may minimize the impact of their
upper limb limitations on everyday hand use. If this is the
direction of effect, children who perceive they are capable of
doing a task requiring manual ability may be more likely to
persist when challenged. In comparison, children with lower
levels of persistence may not persevere in the development
of strategies to effectively handle objects in their environ-
ment, resulting in greater limitations of hand use. This may
result in repeated failure when handling objects for daily
activities, which further hinders their mastery attempts or
persistence with novel challenging tasks.
Although a direct association between family ecology
and occupational performance outcomes was not identified
in this study, family ecology may have an indirect impact
on outcomes through processes associated with mastery
motivation. Consistent and positive parental disciplinary
practices are associated with greater mastery motivation
and task persistence in children with congenital hemiple-
gia.11 Furthermore, children’s emotional responses to chal-
lenging tasks are associated with family structure, with
children from single-parent families with siblings reacting
more negatively to failure than children without siblings
and from two-parent families.11 Investigation into the
interactions between mastery motivation and family
ecology is an important area for further research.
This study, although limited to children in MACS levels
I and II and GMFCS levels I and II, contributes valuable
additional knowledge to Bartlett and Palisano’s model of
determinants of motor change for children with CP.32
These findings suggest the relationship between child
personality characteristics and family ecology, currently
represented as a unidirectional line in the model, could be
considered as bidirectional, with family ecology playing a
significant role in the development of children with CP’s
mastery behaviours.11 This study also highlights the signif-
icant and direct relationship between child ‘personality’
characteristics (mastery motivation/task persistence) and
change in activity (occupational performance).
Central to interventions underpinned by motor learning
theory is the need for children to persist with potentially
challenging tasks.29 Although many factors contribute to
emerging competencies in children, those who are able to
persist in the face of failure and overcome frustrations asso-
ciated with mastering a novel challenging task are at a signif-
icant advantage over children who demonstrate lower
persistence. Clinicians have an important role in supporting
children’s engagement in therapy and persistence in the
attainment of personally valued life goals. If a therapist’s
objective is to increase a child’s skill proficiency it is
important that therapists have a sound understanding of
the child’s task persistence at baseline. This will assist
them in making clinical decisions and developing interven-
tions that are goal-oriented, individually tailored to the
child and supportive of their motivational predispositions.
To enhance motivation and persistence in therapy,
clinicians may consider embracing an authoritative approach
that provides appropriate structure and scaffolding for the
child while continuing to support autonomy.29 To support
motor learning and engage children in challenging tasks,
therapists should ensure children experience optimal task
challenges, where sustained task-directed effort is required
to complete a moderately challenging task, but success is
possible. Feedback should be process-focused on the effort
a child that represents mastery motivation makes, rather
than the outcome which indicates competence. Therapy
sessions and tasks should be structured and scaffolded to
encourage autonomy, independent problem-solving, and
task persistence, but provide carefully tailored support to
enhance mastery motivation. This approach could be
modelled for parents to encourage generalization of posi-
tive, consistent and autonomy supportive parenting prac-
tices in the home environment. This may enhance
children’s persistence, improve therapeutic outcomes, and
ultimately optimize the child’s participation in meaningful
life situations. Researchers interested in treatment efficacy
may also want to consider the mediating effect of chil-
dren’s motivation and family ecology on treatment out-
comes.33
This cohort study is positioned within a randomized
controlled trial and used valid and reliable measurement
tools suitable for this population; however some study lim-
itations have been identified. Unexplained variance indi-
cates other factors that were not evaluated in this study
influenced outcomes. Other factors may have emerged as
predictors in a larger, more heterogeneous group of chil-
dren with CP and, therefore, the results of this study can
only be generalized to children with congenital hemiplegia
with in MACS and GMFCS levels I and II. The wide age
group for this study may also be a potential limitation (5y
1mo–12y 8mo). Although collaborative goal setting is con-
sidered an important contributor to successful therapeutic
outcomes, having caregivers participate in the goal-setting
process may have undermined some children’s autonomy
and affected children’s motivation to persist with challeng-
ing goals in the therapy setting that were not considered
personally meaningful. The potential of respondent bias
is acknowledged as children’s mastery motivation and
parenting styles were based on caregiver’s reports. Parent
proxy-reports of children’s mastery motivation have been
less favourable than reports of young children’s motivation
using structured task observations.34
In summary, children’s persistence with object-oriented
tasks significantly affects occupational performance out-
comes following ULI. Task persistence may develop as a
result of parenting styles and affect the development of
manual ability and hand use in everyday activities. Prede-
termining children’s motivational predispositions would
982 Developmental Medicine & Child Neurology 2014, 56: 976–983
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enable tailoring of intervention delivery to improve the
effectiveness of ULI.
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Mastery motivation: a way of understanding therapy outcomes
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Abstract
Purpose: To investigate the impact of mastery motivation on occupational performance
outcomes immediately following upper limb (UL) training and 6 months post-intervention for
school-aged children with unilateral cerebral palsy. Method: This prediction study was a post-
hoc analysis of a matched pairs randomized comparison trial (COMBiT Trial Registration:
ACTRN12613000181707). The Canadian Occupational Performance Measure (COPM) was
administered at baseline, 13 and 26 weeks post-intervention. Parents completed the
Dimensions of Mastery Questionnaire (DMQ), Parenting Scale and a demographic question-
naire. Children’s UL capacity and performance was assessed using the Melbourne Assessment
of Unilateral UL Function and assisting hand assessment (AHA). Regression models were fitted
using generalized estimating equations to baseline, 13 and 26 week measurements. Results:
Forty-six children (7.78 years SD 2.27 years, 31 males, Manual Ability Classification System I¼ 23,
II¼ 23) participated. Higher levels of bimanual performance (AHA: ¼ 0.03, p50.001), greater
object-oriented persistence (DMQ: ¼ 0.31, p¼ 0.05), and treatment group allocation
(Standard Care: ¼ 0.24, p¼ 0.01) were positively associated with COPM performance scores
post-intervention. Conclusions: Children’s bimanual performance and persistence with object-
oriented tasks significantly impact occupational performance outcomes following UL training.
Predetermining children’s mastery motivation along with bimanual ability may assist in
tailoring of intervention strategies and models of service delivery to improve effectiveness.
 Implications for Rehabilitation
 Children’s object persistence and bimanual performance both impact upper limb training
outcomes
 Working with children’s motivational predispositions may optimize engagement and therapy
outcomes.
 Supporting positive parenting styles may enhance a child’s mastery motivation and
persistence with difficult tasks.
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Introduction
Mastery motivation is an intrinsic force that provides individuals
with the incentive and direction to independently pursue and
persist with solving problems and mastering moderately challen-
ging tasks in the environment [1]. Motivation is central to
learning new skills and adapting to a changing environment,
supporting the development of self-efficacy [2]. Despite an
increased appreciation that children’s motivation may influence
the effectiveness of rehabilitation efforts and the functional
potential of children with disabilities [3,4], there is a lack of
objective data to support this. The importance of enhancing
children’s motivation to promote engagement in therapy and
optimize therapy outcomes has been discussed in intervention
studies of children with CP [5,6] but there is a paucity of evidence
investigating the specific impact of mastery motivation on
outcomes following intervention.
To master new skills, children are required to demonstrate task
persistence involving sustained, goal-directed and focused effort
[7]. In the context of therapy, children’s willingness to persist with
challenging tasks (mastery motivation) has the potential to
enhance functional outcomes. It is therefore important to deter-
mine not only the efficacy of upper limb (UL) treatments for
children with hemiplegia but also investigate the contribution of
Address for correspondence: Laura Miller, Department of Occupational
Therapy, School of Allied Health, Australian Catholic University
Brisbane, 1100 Nudgee Road Banyo, PO Box 456 Virginia 4014,
Brisbane, Queensland, Australia. Tel: +61 07 3623 7843. E-mail:
laura.miller@acu.edu.au
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children’s motivation as a mediator of intervention outcomes [8].
Should children’s motivational predisposition be identified as
significantly impacting therapy outcomes, clinicians could better
tailor intervention modalities to optimize children’s engagement.
Contextual (individual and environmental) factors which may
enhance or hinder motivation are also underexplored [9]. A cross-
sectional study of school-aged children with congenital hemiple-
gia identified significant relationships between family ecology
and children’s mastery motivation [9]. In particular, inconsistent,
‘‘lax’’ parenting styles hindered children’s willingness to persist
with tasks in the face of challenge and potential failure [9]. Given
the impact of parenting styles on children’s willingness to persist
with challenging tasks, these may have an indirect influence on
supporting the achievement of optimal therapy outcomes.
The primary aim of this study was to determine the extent to
which children’s mastery motivation predicts occupational per-
formance outcomes immediately post, and 6 months following an
intensive group block model of intervention (Hybrid Constraint-
Induced Movement Therapy (CIMT) combined with bimanual
training) or an individualized, distributed model of standard
occupational therapy (OT) care. Our hypothesis was that there
would be a significant positive association between children’s
mastery motivation at baseline and occupational performance
outcomes at 13 weeks post-UL intervention, which would be
retained at 26 weeks.
Method
This prediction study was a post-hoc analysis of a matched
pairs randomized comparison trial (COMBiT Trial Registration:
ACTRN12613000181707).
Participants
Fifty-three children with congenital hemiplegia were recruited
across Queensland and northern New South Wales through a
population-based research database at the Queensland Cerebral
Palsy and Rehabilitation Research Centre (QCPRRC), the Royal
Children’s Hospital Children’s Health Queensland and
Queensland Cerebral Palsy League. Inclusion criteria were: (1)
diagnosis of congenital hemiplegia (diagnosed by the child’s
consulting physician) (2) aged 5–16 years (3) reduced UL
function due to predominant spasticity rather than dystonia
(Modified Ashworth Scale grade41 and  3 for wrist flexors,
forearm pronators and/or thumb adductors interfering with UL
function) (4) sufficient co-operation and cognitive understanding
to follow instructions and participate in therapy activities.
Exclusion criteria were: (1) fixed contracture or severe muscle
spasticity in the UL (2) previously undergone surgery in the UL
(3) received BoNT-A injections within 6 weeks prior to baseline
assessments [10].
Children were assessed at baseline, 13 and 26 weeks post-
intervention by two experienced occupational therapists in
accordance with the approved study protocol [10]. The study
obtained ethical clearance from the Medical Ethics Committee of
The University of Queensland (2011000553), Queensland
Children’s Health Services (RCH) Human Research Ethics
Committee (HREC/11/QRCH/37), and The Cerebral Palsy
League Ethics Committee (CPL-2012-004). Prior to trial com-
mencement, parents or guardians and participants (if 12 years of
age or older) provided written, informed consent.
Primary outcome measure
The primary outcome measure was the Canadian Occupational
Performance Measure (COPM) 3rd edition [11]. The COPM is
a standardized individualized, client-centered measure that
evaluates a client’s self-perception of occupational performance
over time. There is good evidence of construct, content and
criterion validity [12–14]. Retest reliability of performance and
satisfaction scores on the COPM is high (ICC 0.76–0.89) [15,16].
A two-point change on COPM performance is reported as being
clinically significant [11]. Child/caregiver dyads collaboratively
set three to five goals at baseline, which were evaluated at 13 and
26 weeks post-intervention. For both intervention groups,
individualized goals were addressed within therapy sessions and
practiced in the home environment.
Predictor variables
To describe the sample, children were classified using the Manual
Ability Classification System (MACS) [17] and the Gross Motor
Function Classification System (GMFCS) [18]. A study ques-
tionnaire captured demographic information including children’s
age and gender, family structure (single/two-parent family),
family composition (only child/with siblings) and total family
income (AUD $0–80 000/$80 001 plus).
Mastery motivation was assessed using the Dimensions of
Mastery Questionnaire (DMQ) parent-proxy report [1]. The DMQ
parent proxy-report provides caregiver’s perceptions of their
child’s mastery motivation when engaged in age-appropriate tasks
and activities across all areas of occupational performance [1].
The DMQ yields seven individual subscale scores, an instrumen-
tal (persistence) aspect and expressive aspect score, and a total
mastery motivation score. The DMQ has evidence of good
validity [1,19] and high reliability [20]. Internal consistency and
test–retest reproducibility for the DMQ parent-proxy report for
this study are reported elsewhere (a¼ 0.69 to 0.86; ICC [total
motivation]¼ 0.84; SEM [total motivation] 0.23 points) [21].
Caregivers completed the Parenting Scale [22] which measures
three dysfunctional parenting styles: laxness (inconsistent, per-
missive discipline); over-reactivity (authoritarian discipline, harsh-
ness and emotionality); and verbosity (lengthy verbal responses).
A total parenting score and overall measure of laxness, over
reactivity and verbosity were calculated. This measure has good
validity and reliability in school-aged children [23,24].
The effectiveness with which a child spontaneously or
typically uses his/her impaired hand in bimanual activities was
measured using the Assisting Hand Assessment (AHA) school-
aged board game version [25]. The AHA is a Rasch analyzed
measure of bimanual hand performance with good validity and
reliability in this population. [25]. Upper limb impairment and
quality of UL function were measured using the Melbourne
Assessment of Unilateral Upper Limb Function (MUUL) [26].
Certified raters, masked to order of assessment and group
allocation scored the AHA and MUUL.
Design and procedures
This study analyses data collected for the COMBiT (Constraint
induced Movement and Bimanual Therapy; NHMRC 1003887)
randomized comparison trial for school-aged children with
congenital hemiplegia [10]. To maximize homogeneity of the
sample and minimize group differences at baseline, children were
matched in pairs according to age (12 months bands), gender, and
MACS level [27]. Children were then randomized within matched
pairs using concealed random allocation in opaque envelopes
opened by non-study personnel, to receive either Hybrid CIMT or
standard OT care.
Treatment One-Hybrid CIMT
Within an intensive block (day-camp) group model, this group
was initially provided with five consecutive days of modified
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Constraint-Induced Movement Therapy (mCIMT). In the mCIMT
week, the unimpaired hand was constrained in a glove-like splint
to prevent grasp and manipulation but allowed propping and
stabilization with the unimpaired UL. This enabled intense
training and practice of skills on the impaired side for five
consecutive days. This was followed by an equal dose of BIM
which encourages use of both hands during repetitive practice
of bimanual activities. This intervention was conducted at a
community facility and delivered intensive activity-based and
goal-directed UL training within a group ‘‘day-camp’’ model.
The groups were led and supervised by a core group of five
occupational therapists (OT) and one physiotherapist (PT),
supported by volunteers clinicians (OT and OT) and therapy
students. The child to therapist ratio was 1:2. Therapy comprised
45 h direct UL training (including fine and gross manipulation
training and goal-directed training) and 10 h general gross UL
activities.
Treatment two-standard OT care
Within a distributed individualized model, children participated in
six sessions, each of 1.5 h duration, of intensive, individually
tailored OT for 6 weeks with a hospital or community-based
occupational therapist. These sessions involved 1 hour of direct
OT intervention with the child and an additional 30 min of home
program development and training with a total dose of 9 h direct
UL therapy. The home programs (completed by participants in
their home/community environment) addressed functional goals
identified by the child and their caregiver. Children aimed to
complete 30 min daily home practice 6 d/week for 12 weeks for a
total dose of 36 h indirect UL therapy. This amount of home
practice was suggested to ensure the Standard Care group
received an equivalent dose of therapy (45 h) to the hybrid
CIMT group.
The COMBiT study protocol [10] describes intervention
formats and content in more detail.
Statistical analyses
Baseline data from each measure were summarized by treatment
group. There were no statistically significant differences
(p50.05) on COPM performance scores between the two
treatment groups at any time point [28], or for individual
characteristics and environmental factors at baseline. Data for
the two treatment groups were therefore pooled to create a larger
sample of children receiving intensive UL training to increase
modelling power. The sample used in this study is from the
COMBiT trial, where 53 individuals were enrolled [10,28].
Evaluable data for this particular study were available from 46
children. Study data indicate the standard deviation (SD) of
children’s total motivation score is 0.38 and the SD of the
regression errors is 1.39. Consequently, we have 80% power to
detect a clinically important difference of ± two points or greater
when examining the association between DMQ total motivation
scores and COPM performance scores at 26 weeks post-
intervention (a¼ 0.05).
Generalized Estimating Equations (GEE) with a Gaussian
family and identity link were utilized to investigate the best
predictive models for occupational performance outcomes
(COPM) at 13 weeks and 26 weeks post-intervention. The
correlation matrix was chosen by comparing the Quasi Likelihood
under Independence Model Criteria (QIC) values obtained by
each model utilizing different correlation structures (exchange-
able, unstructured, first-order autoregressive) for co-variables
[29]. According to this criterion, the structure with the smallest
QIC value is considered the ‘‘better’’ correlation structure. The
unstructured correlation structure was consistently the better
model and was therefore used in all analyses. Results of analyses
run with different correlation structures were substantively the
same. To determine which co-variables to include in predictive
models, univariable analyses were conducted to investigate
associations between COPM performance and satisfaction
scores at 13 weeks and 26 weeks (dependent variable) and each
independent variable. A multivariable model was then con-
structed. Each factor significant univariably at p 0.15 was
considered for inclusion in the multivariable model. Identified
variables were then entered into GEE’s in order of decreasing
statistical significance to derive the best predictive models and
describe relationships between the dependent and independent
variables. At each model step, the best correlation matrix was
determined using the QIC. Only variables that significantly
contributed to model effects and parameter estimates were
retained (p 0.05; two tailed). Assumptions were checked using
residual analysis and assessing multi-collinearity. Statistical
analyses were performed using Statistical Package for the Social
Sciences (version 21.0).
Results
Data analyses were conducted on datasets for which complete
baseline assessments were available (n¼ 46). Fifty-three children
were recruited to COMBiT; however, five children withdrew prior
to completion of baseline assessments. Forty-four children
completed either Hybrid CIMT (n¼ 25) or standard care
(n¼ 19) intervention. Forty-two children (79% retention) attended
13 week follow-up and 43 children (81% retention) 26 week
follow-up [28].
Group characteristics
Characteristics of participants are reported in Table 1. Children
were mean age 7.78 years SD 2.27 years, 31(67%) were male,
Manual Ability Classification System I¼ 23 and II¼ 23, pre-
dominant motor type unilateral spastic n¼ 45 (with one partici-
pant mixed spasticity/dystonia).
Individualized outcomes
Thirty-two children (70%) achieved a clinically significant
improvement of two or more points on COPM performance
scores at 13 weeks following intervention and 97% of these children
(n¼ 31) maintained these gains at 26 weeks. There were no
clinically significant between group differences on COPM per-
formance or satisfaction at 13 or 26 weeks post-intervention [28].
Factors impacting individualized outcomes at 13 weeks
and 26 weeks follow-up
A number of individual and environmental factors were inde-
pendently associated with COPM performance and satisfaction
scores at 13 and 26 weeks post-intervention (Table 2).
Better bimanual performance (AHA, p50.001), superior
quality of UL movement and function of the impaired limb
(MUUL, p¼ 0.01) and greater ability to handle objects in daily
activities (MACS, p¼ 0.01) were all associated with higher
performance scores on the COPM at 13 weeks post-intervention
(Table 2). These individual factors remained significant at 26
weeks. Children’s object-oriented persistence (DMQ) was posi-
tively associated with occupational performance outcomes at 13
weeks (p¼ 0.01) but not at 26 weeks (p¼ 0.13). For COPM
satisfaction, positive associations were identified with children’s
bimanual performance (p¼ 0.02), total motivation (p¼ 0.002)
and overall persistence (p¼ 0.01). These individual factors
remained significant at 26 weeks.
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Laxness in parenting emerged as an independent predictor of
COPM satisfaction across 13 (p¼ 0.04) and 26 week (p¼ 0.02)
follow-ups, with children exposed to inconsistent parenting
reporting lower satisfaction with occupational performance out-
comes than children exposed to authoritative parents. Family
structure was associated with COPM satisfaction at 26 weeks
(p¼ 0.01) with children from single parent households reporting
greater satisfaction at 26 weeks post-intervention than children
from two-parent families. Family income and composition
(siblings) were not associated with COPM performance or
satisfaction at 13 and 26 weeks.
To determine which individual and environmental factors were
the best predictors of COPM performance and satisfaction scores
post-intervention, multivariable models using GEE were tested.
At 13 weeks following intervention, the best multivariable model
for COPM performance identified better bimanual performance
(AHA, ¼ 0.03, p¼50.001), greater object-oriented persistence
(DMQ, ¼ 0.45, p¼ 0.01) and allocation to the standard care
group (Standard Care, ¼ 0.53, p¼ 0.05) were positively
associated with COPM performance immediately following
intervention (Table 3). These factors were retained at 26 weeks
with better bimanual performance (AHA ¼ 0.03, p¼50.001),
greater object-oriented persistence (DMQ, ¼ 0.31, p¼ 0.05)
and standard care treatment group allocation (Standard Care,
¼ 0.24, p¼ 0.01) significantly contributing to favorable indivi-
dualized performance outcomes on COPM at 6 months post-
intervention (Table 3).
Greater object-oriented persistence (p50.001) was associated
with COPM satisfaction scores at 13 weeks. Greater total
motivation (DMQ, p¼ 0.02) and better bimanual performance
(AHA, p¼ 0.07) were significant contributors to the model at
26 weeks post-intervention (Table 3).
Discussion
Occupational performance outcomes following UL training for
children with congenital hemiplegia are impacted by children’s
willingness to persist with task-directed activities and their ability
to spontaneously and effectively use their impaired hand in
bimanual activities. Of all the DMQ subscales, aspects and total
scores, object-oriented persistence emerged as a significant
predictor of occupational performance outcomes in multivariable
models, both immediately and 26 weeks post-intervention. This is
not unexpected as the majority of goals set by children and their
caregivers focused on the mastery of self-care skills. These skills
typically involve the manipulation of tools and/or objects and
require children to focus time and effort, independently problem
solve and persist with moderately challenging ‘‘object-oriented’’
tasks.
Consistent with theoretical understandings of the determinants
of motor change in children with CP [30], better bimanual
performance (AHA), greater quality of movement in the impaired
limb (MUUL) and hand use in daily activities (MACS) were
independently predictive of occupational performance outcomes.
Children’s bimanual performance (AHA) was the only UL factor
that remained a significant predictor of occupational performance
in multivariable models. These findings are consistent with the
nature of self-care skills relevant for this age group. Skills such as
independently managing shoelaces, buttons, and making a
sandwich, are typically bimanual in nature, requiring the effective
and spontaneous use of both hands to successfully complete the
task. Interestingly, in a cross-sectional study of children with
congenital hemiplegia, a significant relationship between chil-
dren’s task persistence and bimanual performance was identified
[9]; however, limitations in hand use (MACS) and quality of
movement of the impaired UL (MUUL) were not. These results
raise interesting questions. First, what is the direction of effect
between task persistence and bimanual performance? That is,
does children’s persistence with tasks develop in response to their
bimanual performance, or does bimanual performance impact task
persistence? Second, why are MUUL and MACS independently
related to occupational performance outcomes, but not to
children’s mastery motivation? Third, why is children’s bimanual
performance, measured on the AHA, the most significant
contributor to multivariable models of occupational performance
outcomes?
The relationship between children’s hand function and mastery
motivation is likely to be reciprocal [31]. Children with greater
task persistence are more curious, engaged, directed and focused
to find solutions to challenging bimanual activities and master
tasks in their environment. These children also appear to have
caregivers who provide consistent structure and scaffolding,
support autonomy and encourage independent problem solving
[9]. This internal drive, combined with responsive environmental
Table 1. Study participant characteristics (n¼ 46).
Independent variables Distribution (n¼ 46)
Age (years), mean ± SD (range) 7.78 ± 2.27 (5.08–14.19)
Gender n (%) Male/Female 31/15 (67/33)
Side of hemiplegia n (%) Right/Left 24/22 (52/48)
Treatment n (%) COMBiT/
Standard Care
27/19 (59/41)
Teacher aide assistance n (%) 22 (48)
GMFCS n (%) Level I/Level II 33/13 (72/28)
MACS n (%) Level I/Level II 23/23 (50/50)
MUUL mean ± SD (range) 73.47 ± 17.96 (26.20–97.50)
AHA mean logits ± SD (range) 60.96 ± 16.26 (24.00–93.00)
Single child/With siblings n (%) 10/36 (22/78)
Two parent/Single parent family 37/9 (80/20)
Income (n¼ 43)a
$AUD 0–$80 000/$80 001
+ n (%)
21/22 (46/48)
DMQ mean ± SD (range)
Total motivation score 3.77 ± 0.38 (2.99–4.51)
Instrumental aspect 3.58 ± 0.41 (2.90–4.43)
Object-oriented persistence 3.04 ± 0.71 (1.78–4.78)
Social persistence with adults 4.01 ± 0.64 (2.83–5.00)
Social persistence with children 3.67 ± 0.63 (2.50–5.00)
Gross motor persistence 3.56 ± 0.55 (2.50–4.63)
Expressive aspect 3.86 ± 0.51 (3.03–5.00)
Mastery pleasure 4.52 ± 0.55 (3.17–5.00)
Negative reactions to failure 3.20 ± 0.85 (2.00–5.00)
General competence 2.75 ± 0.70 (1.40–4.20)
Parenting Scale mean ± SD (range)
Total scale score (30 items) 2.90 ± 0.54 (1.80–3.97)
Laxness factor (11 items) 2.57 ± 0.78 (1.27–4.36)
Over reactivity factor (7 items) 2.50 ± 0.78 (1.27–3.80)
Verbosity factor (7 items) 3.75 ± 0.87 (1.43–5.43)
COPM Performance estimated
mean (95% CI)
COMBiT/Standard Care
Baseline 3.07 (2.64–3.49)/3.17 (2.57–3.78)
13 weeks 5.68 (5.10–6.26)/6.51 (5.79–7.21)
26 weeks 6.09 (5.50–6.68)/6.92 (6.47–7.37)
COPM Satisfaction estimated
mean (95% CI)
COMBiT/Standard Care
Baseline 3.93 (3.35–4.51)/3.50 (3.03–3.96)
13 weeks 6.52 (5.82–7.22)/7.22 (6.47–7.96)
26 weeks 6.93 (6.40–7.46)/7.55 (6.98–8.12)
COPM goals at baseline n (%) 205 (100)
Self-care goals 137 (67)
Productivity goals 28 (14)
Leisure goals 40 (19)
GMFCS, Gross Motor Function Classification System; MACS, Manual
Ability Classification System; MUUL, Melbourne Assessment of
Unilateral Upper Limb Function; AHA, Assisting Hand Assessment;
DMQ, Dimensions of Mastery Questionnaire; COPM, Canadian
Occupational Performance Measure.
aThree missing values parents chose not to disclose.
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supports, facilitates children to more effectively, spontaneously
and consistently use their impaired limb in bimanual tasks. In
turn, this promotes greater success and achievement of indivi-
dualized goals and encourages children to continue persisting in
the face of failure and embrace other novel challenging tasks in
their environment.
A possible explanation for the independent association of
MACS and MUUL with occupational performance outcomes but
not mastery motivation in this study is in the nature of the
classification and assessment tools, respectively. The MUUL is a
measure of a child’s capacity in a standardized environment and is
not reflective of what the child actually does in everyday
situations [32]. The MUUL requires the child to ‘‘do their best’’
on individual test items, but does not allow the child time to
practice the task in order to master the assessable skill. In
comparison, the AHA does allow the child time to problem solve,
persist and engage with toys, enabling the child to demonstrate
mastery motivation. While the MACS is based on children’s hand
use in daily activities, i.e. ‘‘what the child does do’’, it reflects
activities the child has already mastered, not skills the child
is attempting to acquire. In this way, MACS descriptions do not
reflect task persistence, explaining its poor association with
the DMQ.
This prediction study clearly identifies the contribution of
children’s mastery motivation to therapy outcomes following
rehabilitation interventions. Our findings suggest that children’s
motivational predispositions should be determined prior to
intervention. This would enable therapists to better tailor inter-
vention modalities in an effort to optimize engagement in therapy
and promote persistent, task-directed practice of required skills.
For example, a child who reports greater persistence with peers
may achieve better outcomes in a group therapy program. In
comparison, a child who persists more with adults, may thrive in
an individualized 1:1 model of therapy intervention. To maximize
therapy outcomes, rehabilitation programs should harness chil-
dren’s areas of strength and support mastery motivation by being
autonomy supportive, with sufficient structure and scaffolding to
provide the ‘‘just right’’ skill challenge [8,33].
Careful consideration of the contextual factors that facilitate or
inhibit the development of children’s tenacity and motivation is
also required by clinicians. Similar findings on motivation levels
and determinants across school-aged (6–12 years) and adolescents
(12–20 years) with CP suggest factors hindering these children’s
development of mastery motivation may occur early in life
[3,8,9]. Parenting style and family structure (single/dual parents
and with/without siblings) have demonstrated significant associ-
ations with mastery motivation in this population [9]. Given these
findings, we expected parenting style and family structure would
be associated with children’s occupational performance post-
intervention. While a direct relationship between family ecology
Table 2. Relationships between Canadian Occupational Performance Measure (COPM) performance and
satisfaction scores at 13 and 26 weeks post-intervention and individual and environmental factors using
generalized estimating equations (GEEa) for school-aged children with congenital hemiplegia (p 0.05).
Co-variables  95% CI p Value
COPM performance BL-13 weeks (n¼ 88 observations on 46 children)
Timing (13 weeks) 2.94 2.43 to 3.46 50.001
MACS (Level II) 0.85 1.47 to 0.24 0.01
MUUL 0.02 0.00 to 0.04 0.01
AHA 0.03 0.01 to 0.05 50.001
DMQ Object-oriented persistence 0.56 0.14 to 0.97 0.01
COPM satisfaction BL-13 weeks (n¼ 88)
Timing (13 weeks) 3.10 2.48 to 3.71 50.001
AHA 0.02 0.00 to 0.04 0.02
DMQ Total motivation scoreb 1.18 0.42 to 1.93 0.002
DMQ Instrumental aspectc 0.98 0.30 to 1.67 0.01
DMQ Object-oriented persistence 0.69 0.30 to 1.08 0.001
Parenting Scale Laxness factor 0.62 1.04 to 0.20 0.004
COPM performance BL-26 weeks (131 observations on 46 children)
Timing
13 weeks 2.93 2.42 to 3.44 50.001
26 weeks 3.34 2.88 to 3.80 50.001
Treatment 0.55 0.08 to 1.25 0.03
MACS (Level II) 0.78 1.41 to 0.28 0.001
MUUL 0.02 0.01 to 0.04 0.002
AHA 0.03 0.01 to 0.05 50.001
COPM satisfaction BL-26 weeks (131 observations of 46 children)
Timing 3.08 2.46 to 3.69 50.001
13 weeks 3.46 2.90 to 4.02 50.001
26 weeks 0.02 0.00 to 0.04 0.07
AHA 0.79 0.15 to 1.42 0.02
DMQ Total motivation scoreb
DMQ Instrumental aspectc 0.72 0.09 to 1.35 0.03
Parenting Scale Laxness factor 0.34 0.21 to 0.62 0.02
Family type 0.69 0.17 to 1.20 0.01
COPM, Canadian Occupational Performance Measure; MACS, Manual Ability Classification System; MUUL,
Melbourne assessment of unilateral upper limb function; AHA, assisting hand assessment; DMQ, dimensions of
mastery questionnaire.
aGEE – Generalized Estimating Equations using Gaussian Family unstructured correlation structure with identity
links.
bDMQ total motivation score comprises object-oriented persistence, gross motor persistence, social persistence with
peers and adults and mastery pleasure subscales.
cDMQ instrumental aspect comprises the four persistence subscales.
DOI: 10.3109/09638288.2014.964375 Motivation and intervention outcomes 5
130
(parenting style and family structure) and individualized per-
formance outcomes was not supported here, we propose that
family ecology may be a potential mediator of treatment efficacy
through processes associated with mastery motivation [31]. This
explanation is supported by parenting literature which suggests
consistent, authoritative parenting practices promotes children’s
motivation, whereas permissive, excessively verbose and authori-
tarian parenting styles negatively influences children’s motiv-
ation, competence, self-efficacy and quality of life [34–37].
From a self-determination theory (SDT) perspective, environ-
ments which support individual’s psychological needs for auton-
omy (‘‘I have choices’’), relatedness (‘‘I am connected to
others’’), and competence (‘‘I can do things’’), enhance motiv-
ation and promote engagement in therapy and participation in
meaningful life activities [4,33]. Within the rehabilitation envir-
onment, SDT suggests clinicians should maximize engagement in
therapy by creating autonomy supportive therapeutic environ-
ments which promote connectedness and facilitate competence for
children with disabilities [4]. Enhancing children’s motivation
however, begins in the home environment. Supporting positive
parenting practices is well recognized in parenting interventions
literature [38]. Supporting parents to enhance children’s mastery
motivation early in life could lay the foundation for optimal
treatment outcomes for children with CP. Children with CP will
encounter many life challenges and developing the tenacity
required to persevere when engaged in challenging therapeutic
interventions may optimize children’s functioning and overall
well-being. By intervening at a family systems level, positive
changes in parenting behavior are known to benefit child
outcomes [38]. This suggests as part of rehabilitation efforts,
clinicians should model autonomy-supportive child–adult inter-
actions and support parents to utilize parenting practices which
promote children’s willingness to persist with challenging tasks.
Potential limitations
This well-designed study utilized measurement tools with sound
clinimetric properties, and had good follow-up, however some
potential limitations exist. Both the DMQ and Parenting Scale
were completed by caregivers, consequently respondent bias
requires consideration. Participants comprised a homogeneous
sample of children (MACS I and II) with congenital hemiplegia;
therefore, results of this study may not be generalizability to
children with more severe activity and participation restrictions.
Unexplained variation in results suggests other variables not
evaluated in this study may have contributed to occupational
performance outcomes. Based on QIC values, the unstructured
correlation matrix provided the best correlation structure in
univariable and multivariable models. This correlation structure is
unconstrained (other than its being symmetric) and consequently
the results presented are the best for this data set, but may be less
generalizable. Individualized goals on the COPM were set in
collaboration with caregivers and their child and were predom-
inantly in the domain of self-care. Collaboratively set goals may
not have been as personally meaningful to children as self-
selected goals and therefore may not have optimized children’s
motivation. Other subscales of the DMQ may have emerged as
predictors of occupational performance if goals were more evenly
spread across the three COPM domains.
Conclusions
Optimizing individual occupational performance outcomes is
considered an important treatment goal for children with
congenital hemiplegia engaged in UL interventions. Factors
impacting outcomes therefore require careful consideration by
clinicians. This study demonstrates children’s willingness to
persist in the face of challenge is as important in achieving
positive functional outcomes following intervention as bimanual
performance and hand use in daily activities. Rehabilitation
interventions that best attend to children’s motivational predis-
positions are an important consideration. Parents require support
to generalize strategies to the home environment and to foster the
development of persistence and motivation to support intervention
strategies, maximize engagement in therapy and optimize thera-
peutic outcomes.
Table 3. Results of best multivariable models of occupational performance outcomes 13 and 26 weeks using
generalized estimating equations (GEEa) for school aged children with congenital hemiplegia (p 0.05).
Co-variables  95% CI p Value
Model 1: COPM performance BL-13 weeks (n¼ 88)
Timing 1 (13 weeks) 2.96 2.47 to 3.46 50.001
AHA 0.03 0.01 to 0.04 50.001
DMQ object-oriented persistence 0.45 0.09 to 0.81 0.01
Treatment (Standard Care) 0.53 0.01 to 1.05 0.05
Model 2: COPM satisfaction BL-13 weeks (n¼ 88)
Timing 1 (13 weeks) 3.14 2.53 to3.75 50.001
DMQ Object-oriented persistence 0.74 0.36 to 1.11 50.001
Model 3: COPM performance BL-26 weeks (n¼ 131)
Timing 1 (13 weeks) 2.94 2.44 to 3.81 50.001
Timing 2 (26 weeks) 3.36 2.90 to 3.81 50.001
AHA 0.03 0.02 to 0.04 50.001
DMQ object-oriented persistence 0.31 0.00 to 0.63 0.05
Treatment (Standard Care) 0.24 0.13 to 1.06 0.01
Model 4: COPM satisfaction BL-26 weeks (n¼ 131)
Timing 1 (13 weeks) 3.10 2.49 to 3.71 50.001
Timing 2 (26 weeks) 3.49 2.93 to 4.05 50.001
DMQ Total motivation scoreb 0.90 0.29 to 1.50 0.004
AHA 0.02 0.00 to 0.04 0.02
COPM, Canadian Occupational Performance Measure; AHA, Assisting Hand Assessment; DMQ, Dimensions of
Mastery Questionnaire.
aGEE – Generalized Estimating Equations using Gaussian Family unstructured correlation structure with identity
links.
bDMQ total motivation score comprises object-oriented persistence, gross motor persistence, social persistence with
peers and adults and mastery pleasure subscales.
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8.2 Summary and Conclusions for Chapters 7 and 8 
The papers comprising Chapters 7 and 8 provide valuable insights regarding the previously 
under recognised influence of children’s motivation on the outcomes of rehabilitation interventions. 
These papers identified children’s mastery motivation as a significant contributor to individualised 
outcomes and highlight the need for clinicians to consider this important personal factor of the ICF 
when planning treatments and delivering interventions. These papers clearly highlight the clinical 
implications of the findings and provide new knowledge that will impact therapy planning and 
delivery at a service, family and individual child level. These findings and their clinical implications 
are discussed in greater detail in the final chapter.  
Within these studies, the DMQ parent proxy-report provided unique knowledge of 
children’s overall motivational predisposition or style across a range of occupational performance 
areas from the perspectives of caregivers. The DMQ was not, however, able to measure children’s 
actual engagement in the different goal-directed UL interventions. Consequently, the PVQ was 
utilised to evaluate children’s engagement within the specific therapeutic contexts, with 
consideration of the distinctive environmental factors of each setting that may have enhanced or 
hindered children’s willingness to persist with challenging, yet meaningful, functional UL goals. 
The following Chapter 9 reports on these findings. 
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Chapter 9: Children’s Mastery Motivation and Engagement in Therapy 
9.1 Introduction to Chapter 9 
The findings of Chapters 7 and 8 highlighted the importance of children’s mastery 
motivation as a potential mediator of treatment efficacy. Questions still remained, however, 
regarding whether greater mastery motivation at baseline, manifested in actual engagement in UL 
therapy activities. It was hypothesised that children who were reported by their parents to 
demonstrate greater task persistence in the occupational performance of everyday activities (as 
measured on the DMQ) at baseline would display greater engagement in goal-oriented activities 
during therapy.  
Anecdotal evidence from clinicians involved in the COMBiT RCT suggested the therapeutic 
context of the UL training across the two interventions settings (group-based, day-camp versus 
individual OT) significantly influenced children’s engagement and demonstration of mastery 
behaviours during goal-directed tasks. This raised two important questions: (1) Does children’s 
motivational predisposition predict actual engagement in therapy? and (2) What influence does the 
therapeutic environment have on children’s engagement with challenging tasks? 
Chapter 9 comprises a paper which investigated the relationships between children’s 
motivational predispositions and their engagement in therapy. The impact of the therapeutic 
environment on children’s engagement was also explored. 
9.2 Paper 7: Does Context Matter? Mastery Motivation and Therapy Engagement during 
Two Different Goal-Directed Upper Limb Interventions for Children with Unilateral 
Cerebral Palsy 
This paper was submitted to Physical and Occupational Therapy in Pediatrics on 10th June 
2014. This paper has been peer-reviewed and minor revisions were submitted on 14th October 2014. 
Journal formatting for this paper has been retained. 
Miller, L., Ziviani, J., Ware, R.S., Canagasuriam, S. & Boyd, R.N. (2014). Does context 
matter? Mastery motivation and therapy engagement during two different goal-directed upper limb 
interventions for children with unilateral cerebral palsy. Physical and Occupational Therapy in 
Pediatrics. Minor revisions submitted 14th October 2014.  
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ABSTRACT 
Aims: To determine if mastery motivation at baseline predicts engagement in two goal-directed 
upper limb (UL) interventions for children with unilateral cerebral palsy. 
Methods: In this exploratory study, children participated in either an intensive group-based (Hybrid 
Constraint Induced Movement Therapy, hCIMT) or distributed individualized (Standard Care: SC) 
model of UL intervention. Caregivers completed Dimensions of Mastery Questionnaire (DMQ) 
parent-proxy report at baseline.  Children’s engagement was independently rated using Pediatric 
Volitional Questionnaire (PVQ). Associations between children’s mastery motivation and 
engagement were examined using linear regression.  
Results: Forty four children participated, 26 received hCIMT and 18 SC (mean age 7 years 10 
months; SD 2 years 5 months; 31(70%) males; Manual Ability Classification System I=23[52%] 
and II=21[48%]). Compared to SC, children in hCIMT had lower DMQ persistence at baseline 
(p=0.05) yet higher PVQ volitional (p=0.04) and exploration (p=0.001) scores. Within hCIMT 
participants, greater object-oriented persistence was associated with task-directedness (β 0.25, 
p=0.05), seeking challenges (β=0.51, p=0.02), exploration (β=0.10, p=0.03) and volitional scores 
(β=0.23, p=0.01).  
Conclusions: Children’s predisposition to persist with challenging tasks can be enhanced when 
consideration is given to the socio-environmental context in which therapy is delivered, the extent 
to which task engagement is addressed, and ensuring the just-right challenge.  
 
Keywords: motivation, engagement, rehabilitation, context, upper limb, cerebral palsy 
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INTRODUCTION 
Activity and participation in everyday life are important outcomes of motor rehabilitation for 
children with cerebral palsy (CP; Chiarello et al., 2011). To maximize rehabilitation benefits, 
children must be actively involved in the therapeutic process (Gopalan et al., 2010; King et al., 
2014; Poulsen et al., 2013), however, our knowledge of children’s engagement in interventions and 
its relationship to motivational predisposition is limited (King et al., 2014). Therapy engagement 
may be influenced by children’s motivation, interest in and persistence with rehabilitation activities 
as well as the quality of the relationship formed with the therapist (Lawlor, 2012; Poulsen et al., 
2013). Children’s motivation to engage in therapy could also be enhanced or hindered by the socio-
cultural, physical and temporal environments in which therapy occurs (Dunn and Ziviani, 2013; 
Poulsen et al., 2006). Therapy environments which incorporate fun, novelty and choice for 
involvement, offer positive peer support, and scaffold skill development to promote mastery, have 
been found to optimize therapy engagement, even with challenging interventions such as Constraint 
Induced Movement Therapy (CIMT; Gilmore et al., 2010). These aspects of the therapy context 
address an individual’s psychological needs of Autonomy (“I have choices”), Relatedness (“I am 
connected to others”) and Competence (“I can do things”) as outlined in Self-Determination Theory 
(Deci and Ryan, 2000). This theory also proposes the more these psychological needs are met, the 
greater the likelihood of behavior being internally regulated, and motivation to persist with tasks 
enhanced (Poulsen et al., 2006). 
Mastery motivation is defined as an intrinsic driving force that leads individuals to independently 
explore and attempt to master challenging tasks in the environment in a persistent and goal-directed 
way (Morgan et al., 2009). Mastery motivation is an important factor to consider in the promotion 
of engaged participation in therapy (Lequerica and Kortte, 2010; Tatla et al., 2013). Children with 
CP are reported by their parents to have lower levels of mastery motivation than typically 
developing peers (Majnemer et al., 2010; Majnemer et al., 2013; Miller et al., 2014d). Recent 
findings suggest children with unilateral CP who demonstrate greater task persistence in age-
appropriate activities (as reported by their parents) achieve more favorable individualized therapy 
outcomes immediately following treatment, than children with lower task persistence (Miller et al., 
2014c). The relationship between mastery motivation and children’s actual engagement in therapy, 
however, is yet to be understood. 
Studies in young children with Down syndrome have found that parental reports of mastery 
motivation tend to be lower than objective assessment of task persistence on structured 
experimental tasks (Gilmore and Cuskelly, 2011). This may be due, in part, to parents’ observations 
and perceptions of what their child actually does in everyday situations (performance) versus what 
occurs in an experimental setting (capacity). Alternatively, parents may have a tendency to compare 
138
their children to typically developing peers (Gilmore et al., 2003).  A major reason there are few 
objective studies investigating motivation and actual engagement in therapy is due to a paucity of 
sound measurement tools suitable for use with children with disabilities (Tatla et al., 2013). Our 
systematic review of measures of motivation in school-aged children with physical disability or 
motor delay identified only two measures, with psychometric properties in this population (Miller et 
al., 2014b). These were the Dimensions of Mastery Questionnaire (DMQ; (Morgan et al., 2009) and 
the Pediatric Volitional Questionnaire (PVQ; (Basu et al., 2008). The DMQ and PVQ utilize very 
different measurement approaches. The DMQ is a parent/teacher proxy-report and/or child self-
report questionnaire of a child’s mastery motivation when engaged in age-appropriate tasks and 
activities across all areas of occupational performance. The DMQ provides information on the 
precipitating motivation variables (dimensions of mastery motivation) that potentially impact 
outcomes of intervention, however, it does not provide information regarding observations or 
assessment of motivation behaviors within the context of therapy. In contrast, the PVQ is a context-
specific assessment, observing not only the motivation behaviors of the child when engaged in a 
specific activity, but also the particular environmental context in which these are elicited. Unlike the 
DMQ, the PVQ captures how a child reacts to and acts within their environment and provides 
insight into how the environment enhances or attenuates children’s motivation to engage in 
activities. The DMQ was therefore utilized in this study as a measure of children’s mastery 
motivation at baseline and the PVQ as a measure of children’s engagement within the therapy 
context. 
The purpose of this study was to determine if mastery motivation measured at baseline using the 
DMQ can predict therapy engagement (measured by the PVQ) in two different goal-directed upper 
limb (UL) interventions for children with unilateral CP. Elements of the DMQ utilized in this study 
to investigate mastery motivation included the total score, instrumental and expressive aspects, and 
six individual subscale scores (object-oriented persistence, gross motor persistence, social 
persistence with adults and peers, negative reactions to failure and mastery pleasure). The general 
competence subscale was not included as it is not considered to be a measure of mastery motivation 
(Morgan et al., 2009).   It was hypothesized that children with higher levels of mastery motivation 
(total score, aspects and/or individual subscales) at baseline would demonstrate greater engagement 
in goal-directed UL interventions than children with lower levels of mastery motivation at baseline. 
Aspects of the PVQ utilized in this study to investigate engagement included the domains of 
exploration, competency and achievement. A second hypothesis was that children in Hybrid CIMT 
(hCIMT: intensive, circus-themed day-camp) would be more engaged in goal-directed UL 
interventions than children in standard care (SC: individualized, distributed occupational therapy). 
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This study also sought to explore aspects of the therapeutic environment that facilitated engagement 
in goal-directed UL activities. 
METHOD 
Participants 
This exploratory study comprised children with unilateral CP and their caregivers, who were 
recruited to participate in the COMBiT trial, a larger UL rehabilitation randomized comparison trial 
conducted in Brisbane, Australia between December 2011 and September 2013 (Boyd et al., 2013). 
Participants were aged 5-16 years, had a diagnosis of unilateral CP, experienced reduced UL 
function due to predominant spasticity rather than dystonia, and demonstrated sufficient co-
operation and cognitive understanding to participate in therapy activities. Children with a history of 
UL surgery, fixed muscle contracture or severe muscle spasticity in the UL, and/or had received 
Botulinum Toxin A (BoNT-A) injections within six weeks prior to baseline assessments were 
excluded from the COMBiT trial. To maximize homogeneity of the sample and minimize group 
differences, participants were matched in pairs according to age, sex, and UL function, and 
randomly allocated from concealed envelopes opened by non-study personnel to either Hybrid 
CIMT (hCIMT) or Standard Care (SC; Boyd et al., 2013). Ethical approval was obtained from The 
University of Queensland Medical Research Ethics Committee (2011000553), Queensland 
Children's Health Services (RCH) Human Research Ethics Committee (HREC/11/QRCH/37) and 
The Cerebral Palsy League Ethics Committee (CPL-2012-004). Informed, written consent was 
obtained from parents/guardians and children over 12 years of age. 
Interventions 
The randomized comparison trial compared two UL treatment models: 
Treatment one: Hybrid CIMT (hCIMT) was provided in groups of 10-15 children over 10 days. 
Upper limb treatment involved one week of modified CIMT therapy followed by one week of 
bimanual training in an intensive, circus-themed day-camp model. Therapy comprised 45 hours of 
direct UL training and 10 hours of indirect training in more general gross motor UL activities. For 
hCIMT, UL training was implemented in the context of a novel circus-themed day-camp, where 
children participated in two hours of circus skills training each day for 10 days (Boyd et al., 2013).  
Upper limb goal-directed training was implemented before and after circus lessons, in small groups 
with similar-aged peers with comparable abilities.  Children were self-directed during their goal 
practice sessions, choosing the materials with which they would work, the order of activities 
completed, and those with whom they would work. Children frequently worked collaboratively with 
their peers, problem-solving tasks and modelling strategies they found beneficial. Individual 
therapist-child time was available as required, however the majority of UL goal-directed training 
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was conducted within a small group format with a child to adult ratio of 4:2. The physical 
environment of hCIMT was a large recreational space within a community based facility. 
Treatment Two: Standard Care (SC) comprised six, 1.5 hour sessions of individually tailored 
occupational therapy (OT) intervention delivered once a week (for 6 weeks) using a 1:1 service 
delivery model in the local community or hospital. The OT sessions involved 6 hours of individual 
UL therapy and 3 hours of home program demonstration (9 hours clinic-based UL therapy). 
Individualized therapy was supported by a 12 week home program comprising 30 minutes daily 
home practice 6 days/week for 12 weeks (36 hours home-based UL therapy; Boyd et al., 2013). 
Both intervention groups received an equal dose of UL training (45 hours). All children set 
individualized UL goals using the Canadian Occupational Performance Measure (COPM; Law et 
al., 2005) and these formed the basis of UL goal-directed training explored in this study. Detailed 
format and content of the interventions are described in the study protocol (Boyd et al., 2013). 
Measurements 
The Dimensions of Mastery Questionnaire (DMQ; Morgan et al., 2009) parent-proxy report consists 
of 45 items across seven subscales (object-oriented persistence, gross motor persistence, social 
persistence with adults and peers, negative reactions to failure, mastery pleasure and general 
competence) and two aspects of mastery motivation (instrumental and expressive). The final 
subscale, competence, is considered a separate construct which measures the child’s ability to 
master tasks relative to peers (Morgan et al., 2009). For this exploratory study, the DMQ was used 
as a measure of children’s motivation (across the six subscales) to persist with challenging tasks at 
baseline. Caregivers completed the DMQ parent proxy-report at baseline and rated each of the 45 
items on a 5-point scale ranging from 1=not at all typical to 5=very typical. Seven individual 
subscale scores, an instrumental (persistence) and expressive aspect score, and a total mastery 
motivation score between 1 and 5 were calculated. The DMQ parent-proxy report was utilized in 
this study as a considerable number of children in this trial were considered too young to validly 
and reliably complete the child self-report (Jozsa and Molnar, 2013; Miller et al., 2014b; Morgan et 
al., 2009).The DMQ has good validity in school-aged children (Morgan et al., 2009) and test-retest 
reliability is reported as high (ICCs 0.74 to 0.82 on instrumental subscales; (Igoe et al., 2011). The 
DMQ has good reproducibility for this study sample (instrumental aspect ICC = 0.86 and total 
motivation ICC = 0.84; Miller et al., 2014a). 
The Pediatric Volitional Questionnaire (PVQ; (Basu et al., 2008) is an observational assessment 
whereby the child’s volition is scored according to motivation and mastery behaviors observed 
during different activities. For this exploratory study, the PVQ was used within therapy sessions as 
a measure of children’s engagement in goal-directed therapeutic activities and to explore the 
influence of environmental characteristics on children’s engagement. Therapy sessions were video-
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taped to capture children engaged in individualized, moderately challenging, goal-directed tasks. 
These video recordings were observed and scored by one independent rater, blinded to the study 
hypotheses, trained in PVQ scoring procedures. For children participating in hCIMT, goal-directed 
therapy sessions conducted at the beginning of the second week of the day-camp (bimanual training 
component) were scored. For children participating in SC, goal-directed therapy sessions conducted 
in week three of individualized intervention sessions were scored. These times represented the 
midpoint of both interventions. The rater viewed the entire therapy session through twice before 
scoring each child. The PVQ has a 4-point scoring system where 1=passive through to 
4=spontaneous participation. A mean level of volition ranging between 1 and 4 was calculated with 
higher scores indicating greater engagement. The PVQ observes three domains of motivation in 
context. The exploration domain identifies children’s display of desire to interact with the 
environment; the competency domain focuses on children’s drive to actively interact with the 
environment and influence it; the achievement domain assesses children’s attempts to master 
moderately challenging skills and persist in the face of failure (Basu et al., 2008).  A total 
exploration, achievement and competency score ranging from 1 to 4 was calculated by determining 
the average of items comprising these domains. The PVQ Environmental Characteristics Form was 
also completed for each observation. This enables the clinician to record features of the 
environment (related to spaces, objects, social environment and occupational forms) that impact 
children’s motivation and engagement in observed tasks (Basu et al., 2008). The PVQ has 
demonstrated good construct validity with Rasch analysis identifying no mis-fitting items, a good 
spread in item difficulty, and good subject separation (Andersen et al., 2005). The PVQ is reported 
to differentiate different volitional levels amongst participants, with children with disabilities 
consistently scoring lower than children without disabilities on mean volitional level (Andersen et 
al., 2005). High rater separation has been identified as a concern for the PVQ and it recommends 
only one rater is utilized during assessments (Andersen et al., 2005). For this study, one 
independent rater scored all children on the PVQ. The intra and inter rater reliability of the 
independent rater was measured on a subset of ten participants with excellent ICC’s for both intra 
(ICC=0.99) and inter (ICC=0.98) rater reliability. 
Statistical Analyses 
Available data for 44 participants was used to determine the relationship between children’s 
mastery motivation (DMQ parent proxy-report) and therapy engagement (PVQ). Descriptive 
statistics were used to characterize the sample at baseline. Independent samples t-test were utilized 
to determine between treatment group differences (hCIMT or SC) on child and environmental 
characteristics, and DMQ and PVQ scores.  
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Hypothesis one: To determine associations between DMQ subscale, aspects and total motivation 
scores and PVQ individual items; exploration, competence and achievement domains; and total 
volitional score; Pearson product-moment correlation coefficients were computed for combined 
treatment groups (hCIMT and SC) and hCIMT and SC separately. For significant correlations, 
relationships between DMQ (subscale, aspect and total scores) and PVQ (item, domain and total 
scores) were examined in separate univariable linear regression models. Bootstrapping was utilized 
to validate all final models, with repeated samples of the same size as the original, with 
replacement. Estimations of bootstrap confidence intervals (BCaCI) were produced using one 
thousand replications (Efron and Tibshirani, 1986). Assumptions of homoscedasticity, linearity and 
normality were examined using residual plots, p-plots and casewise diagnostics. Multicollinearity 
was assessed using tolerance and variance inflation factor statistics (p≤0.05, two-tailed).  
Hypothesis two: To determine whether children in Hybrid CIMT (hCIMT: intensive, circus-themed 
day-camp) were more engaged in goal-directed UL interventions than children in standard care, 
independent samples t-tests were computed between the two groups. 
All analyses were performed using Statistical Package for the Social Sciences (version 21.0).  
RESULTS 
Analyses were conducted on datasets for which complete DMQ and PVQ assessments were 
available (n=44 out of 45 children completing the intervention). The study profile is depicted in 
Figure 1 and characteristics of study participants summarized in Table 1.  
Overall, children had a mean age of 7 years 10 months; SD 2 years 5 months with 31 (70%) males. 
Children were classified as Manual Ability Classification System (MACS) I=23 (52%) and II=21 
(48%). 
Demographic and clinical characteristics of children in the hCIMT and SC groups were not 
significantly different at baseline, except for DMQ total persistence (instrumental aspect) where 
children in hCIMT had lower levels of overall persistence (instrumental aspect) than children in SC 
(mean diff=-0.25, CI -0.51 to -0.01, p=0.05).  
No significant correlations were identified between the combined intervention groups on PVQ total 
volitional, exploration, competence and achievement scores or DMQ subscales, aspect and total 
motivation score. We had proposed higher levels of mastery motivation would be associated with 
high levels of engagement, but for combined intervention groups, this primary hypothesis was not 
supported. When data were analyzed within intervention group, however, PVQ exploration (r=0.42, 
p=0.03) and total volitional scores (r=0.50, p=0.01) were positively correlated with DMQ object-
oriented persistence subscale in the hCIMT group. There were no significant correlations between 
PVQ and DMQ scores for the SC group.  
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Figure 1: Study flow chart 
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Table 1: Study participant characteristics for Hybrid CIMT (n=26) and Standard Care 
(n=18) at baseline. 
Independent variables Hybrid CIMT n=26 Standard Care n=18 
Age (years), mean ± SD (range) 8yrs 2mo (2yrs 8 mo) 7yrs 5 mo (2yrs) 
Gender n (%) Male/Female 31 (69)/8 (31) 13 (72)/5 (28) 
MACS n (%) Level I / Level II 12 (46)/14 (54) 11 (61) / 7 (39) 
GMFCS n (%) Level I / Level II 17 (65)/9 (35) 14 (78)/4 (22) 
MUUL mean ± SD (range) 73.44 ± 18.48  
(39.10-97.50) 
73.08 ± 18.30  
(37.00-93.00) 
AHA mean ± SD (range) 62.16 ± 14.51  
(24.00-90.00) 
58.78 ± 18.87 
(26.20-96.70) 
DMQ mean ± SD (range)   
Total motivation score* (1-5) 3.70 ± 0.36 (2.99-4.47) 3.91 ± 0.42 (3.00-4.51) 
Instrumental aspect** 3.50 ± 0.39 (2.90-4.38) 3.75 ± 0.44 (2.96-4.43) 
Object oriented persistence 3.00 ± 0.77 (1.78-4.78) 3.13 ± 0.58 (2.11-4.22) 
Social persistence with adults 4.01 ± 0.64 (2.83-4.83) 4.23 ± 0.67 (3.00-5.00) 
Social persistence with children 3.56 ± 0.61 (2.50-4.83) 3.90 ± 0.67 (2.50-5.00) 
Gross motor persistence 3.43 ± 0.59 (2.50-4.63) 3.75 ± 0.54 (2.63-4.63) 
Expressive aspect*** 3.83 ± 0.51 (3.03-5.00) 3.90 ± 0.52 (3.18-4.80) 
Mastery pleasure 4.51 ± 0.50 (3.33-5.00) 4.52 ± 0.63 (3.17-5.00) 
Negative reactions to failure 3.15 ± 0.80 (2.00-5.00) 3.26 ± 0.93 (2.00-4.60) 
General competence 2.76 ± 0.67 (1.40-4.20) 2.64 ± 0.75 (1.40-3.60) 
Notes: GMFCS – Gross Motor Function Classification System. MACS- Manual Ability 
Classification System. MUUL – Melbourne Assessment of Unilateral Upper Limb Function. AHA 
– Assisting Hand Assessment. DMQ – Dimensions of Mastery Questionnaire. *DMQ total 
motivation score comprises object-oriented persistence, gross motor persistence, social persistence 
with peers and adults and mastery pleasure subscales. **DMQ instrumental aspect comprises the 
four persistence subscales. ***Expressive aspect comprises mastery pleasure and negative reactions 
to failure subscales. 
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With limited correlations between DMQ (subscale, aspect and total) scores and PVQ domains 
(exploration, competency and achievement) we therefore looked at relationships between DMQ 
scores and individual PVQ items. When both intervention groups were combined, caregiver ratings 
of children’s total persistence (instrumental aspect r=0.33, p=0.03) and total motivation scores 
(r=0.33, p=0.03) were positively related to children’s showing of preferences during therapy 
sessions. Social persistence with peers on DMQ was negatively related to both practicing skills (r=-
0.34; p=0.03) and seeking challenges (r=-0.35, p=0.02) during therapy. Total exploration scores on 
PVQ were negatively correlated with social persistence with adults on DMQ (r=-0.30, p=0.05). 
When analyzed with intervention group, within the hCIMT group the PVQ items of task-
directedness r=0.40, p=0.05 and seeking challenges r=0.47, p=0.02 were positively correlated with 
DMQ object-oriented persistence subscale. There were no significant correlations between PVQ 
items and DMQ scores for the SC group. Relationships between DMQ subscale, aspect and total 
scores and PVQ items, domains, and total score (p≤0.05) are summarized in Table 2.    
To further explore relationships between children’s mastery motivation and engagement in therapy 
across all DMQ scores and PVQ domains and items, we conducted multivariate modelling for 
significant univariate relationships. For combined treatment groups, children with greater 
persistence (as reported by their parents) were more inclined to show preferences during goal-
directed therapy activities (β=1.46, BCaCI 0.17 to 2.43, p=0.03). Children reported as having less 
persistence with peers demonstrated greater challenge-seeking behaviors (β=-0.42, BCaCI -0.78 to 
-0.09, p=0.02), and those with less persistence with adults, were observed to demonstrate greater 
exploration (β=-0.11, BCaCI -0.22 to -0.02, p=0.05). For children in hCIMT, greater object-
oriented persistence was positively associated with task-directedness (β 0.25, BCaCI 0.01 to 0.48, 
p=0.05), seeking challenges (β=0.51, BCaCI 0.17 to 0.91, p=0.02), exploration (β=0.10, BCaCI 
0.02 to 0.17, p=0.03) and total volitional scores (β=0.23, BCaCI 0.07 to 0.36, p=0.01) during 
intervention. Children with greater gross motor persistence also demonstrated increased task-
directedness (β=0.40, BCaCI 0.08 to 0.71, p=0.01), while children who reacted more negatively to 
failure were observed to be less task-directed during therapy (β=-0.32, BCaCI -0.53 to -0.09, 
p=0.01). For children participating in SC, no significant relationships were identified between any 
DMQ and PVQ scores. Results for our secondary hypothesis were as expected. For PVQ ratings 
during interventions, compared with children in SC, children participating in hCIMT scored 
significantly higher total volitional scores (mean diff = 0.24, CI = 0.02 to 0.47, p=0.04) and 
exploration domain scores (mean diff = 0.23, CI = 0.10 to 0.35, p=0.001) (Table 3), despite their 
lower levels of persistence as parent-reported at baseline. Children in hCIMT also demonstrated a 
greater willingness to try new things (mean diff = 0.48, CI = 0.08 to 0.88, p=0.02) and solve 
problems (mean diff = 0.55, CI = 0.16 to 0.94, p=0.01). 
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DISCUSSION 
Levels of motivation and engagement in therapy 
This exploratory study of children’s motivational predisposition and engagement in goal-directed 
therapy identified children participating in an intensive, group-based model of novel UL training 
(hCIMT), demonstrated a level of engagement that was 0.24 points higher (p=0.04), than their SC 
counterparts, despite having lower total persistence reported at baseline (DMQ instrumental aspect; 
mean diff= -0.25, p=0.05). It was hypothesized that individuals with higher levels of mastery 
motivation would have greater levels of engagement in therapy, however, differences in the 
volitional levels of children demonstrated during UL training between the two intervention groups 
in this study challenge this hypothesis. This finding highlights the potential importance of the 
therapeutic context for children with CP participating in UL rehabilitation. 
The therapeutic environment: A mechanism influencing engagement in therapy  
Children’s engagement in therapy is an interaction between the child’s individual characteristics 
and features of the environment. Children may not be equally motivated in all environments (Basu 
et al., 2008) and clinicians could play a critical role in creating therapeutic environments that both 
meet children’s psychological needs and optimize therapy engagement (Deci and Ryan, 2000).  
Enhanced active participation in therapy could potentially maximize rehabilitation efforts and 
optimize therapy outcomes for children and their families. Both hCIMT and SC interventions 
provided goal-directed UL training based on the principles of motor learning and family-centered 
practice. The total dosage of therapy was also similar for both groups (45 hours UL training; Boyd 
et al., 2013). One significant difference between the treatment groups was the temporal, socio-
cultural and physical contexts in which therapy was delivered. Children in hCIMT participated in a 
group-based day camp in a community circus facility. In comparison, children in the SC group 
participated in 1:1 therapy sessions conducted in a hospital or community based clinic, school or 
home environment.   
The findings of this study suggest particular elements within the therapeutic environment have the 
potential to facilitate a child’s ability to demonstrate their mastery motivation in therapy and 
engagement in treatment activities. Consistent with Self-Determination Theory (SDT) perspectives, 
this study suggests environments that support children’s psychological needs for Autonomy, 
Relatedness and Competence are most conducive to engagement and participation (Poulsen et al., 
2006; Poulsen et al., 2013). While both UL interventions (hCIMT and SC) incorporated strategies 
to promote engagement, features of the environment (hCIMT) that produced higher levels of 
volition included (1) greater opportunities for choice (Autonomy); (2) peer support and interactions 
(Relatedness); (3) variability, novelty and fun, and (4) graded challenges with mastery of activities 
within a short time frame (Competence). 
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For the hCIMT treatment group, it is not surprising that DMQ object–oriented persistence was 
positively associated with task-directedness, seeking challenges, exploration and total volitional 
level during intervention.  Children who are motivated to persist with interesting and unfamiliar 
objects are likely to try novel things, seek activities that challenge their abilities and expand their 
skill repertoire, and continue persist in the face of failure. Additionally, the majority of goals set by 
children focused on the domain of self-care. This area of occupational performance typically 
requires object-focused persistence, task-directedness and high levels of active involvement. The 
findings of this study suggest children in hCIMT may have been more intrinsically motivated to 
pursue these goals during therapy than their peers participating in individualized SC even though 
both interventions addressed aspects of occupational performance that were personally meaningful 
to each individual.  
Social supports and interactions 
The ability of children in hCIMT to work with peers with similar challenges and life goals added a 
potent element to the social environment of the UL intervention, positively impacting children’s 
willingness to explore and try novel challenging tasks and solve problems.  In studies of young 
children, there is consistent evidence demonstrating children are motivated to participate in 
activities with other children and engage in shared activities (Butler and Walton, 2013; Over and 
Carpenter, 2009; Warneken et al., 2012; Warneken and Tomasello, 2007). Furthermore, 
collaboration with peers is reported to promote children’s willingness to persist with challenging 
tasks (Bandura, 1997; Butler and Walton, 2013). Another key feature of hCIMT was the novelty 
and fun associated with being part of a circus-themed day camp. Individualized goals were 
incorporated into the circus theme through practicing skills such as dressing and ball skills within 
the context of trying on circus costumes and practicing circus tricks such as juggling. Consequently, 
children in hCIMT approached problems in occupational performance as exciting challenges to be 
mastered before the final circus concert. Similar to a previous study of children’s experiences of 
circus-themed UL intervention (Gilmore et al., 2010), the frustrations children faced when 
attempting to master challenging yet meaningful life goals, were buffered by a combination of 
supportive peer interactions, novelty, and choice for involvement.  
Structure and scaffolding  
For children in hCIMT, those who were reported as demonstrating greater negative reactions to 
failure were rated as less task-directed during UL training. This finding is consistent with Deci and 
Ryan’s understanding of competence and motivation (Deci and Ryan, 2000).  When children 
experience repeated failure when attempting to master a task, their willingness to persist with 
challenging tasks (motivation) is reduced (Deci and Ryan, 2000). Clinicians may play an important 
role in structuring activities and scaffolding tasks to provide the just-right challenge. In this way 
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tasks are structured so children are required to persist with and problem solve tasks in order to 
achieve success, however, they are not so difficult that the child loses interest, gives up or fails the 
challenge. Appropriate scaffolding builds on the current abilities and strengths of the child and 
provides the minimum guidance necessary for the child to advance and acquire new skills 
(Pomerantz et al., 2005). Having a sound knowledge of the child’s motivational predisposition in 
addition to developmental level, skills and abilities, is an important prerequisite for understanding 
how to adjust the environment to provide the just-right challenge, enhance motivation, support 
engagement, encourage active participation and facilitate mastery of tasks in therapy sessions 
(Dunn and Ziviani, 2013).  
For UL training, both group-based interventions and individualized occupational therapy lead to 
improvements in UL function (Sakzewski et al., under review; Sakzewski et al., 2014). These 
approaches may be interchangeable – each offering advantages in certain situations.  
Clinical Implications 
Clinicians have an important responsibility to determine the UL optimal approach, treatment 
protocol and therapeutic environment to promote the active participation of children in meaningful 
life activities (Ziviani and Poulsen, 2013). Emerging evidence suggests an understanding of a 
child’s mastery motivation will assist clinicians making such decisions. Knowledge of the impact of 
children’s individual characteristics and environmental factors on engagement in therapy may 
provide clinicians with greater understanding of the reasons why some children participate and 
benefit from therapy, whereas others do not. Greater understanding of these factors could contribute 
to accurate clinical decision-making when developing individually tailored goal-oriented 
intervention plans and strategies, which reflect the child’s preferences and motivations. 
Potential Limitations 
This was a well-conducted exploratory study of the relationship between children’s mastery 
motivation and actual engagement in therapy within a larger RCT, however, some potential 
limitations are acknowledged. The DMQ parent-proxy report was utilized which is subject to 
respondent bias. This study utilized two measures of motivation identified through systematic 
review of the literature with psychometric properties in children with a physical disability or motor 
delay (Miller et al., 2014b), however, challenges and limitations associated with the measurement 
of children’s engagement are acknowledged.  Researchers interested in determining the impact of 
engagement on functional outcomes require a valid, reliable and sensitive measure of engagement. 
The PVQ has had limited use in RCT’s and its clinimetric properties require further investigation to 
determine the psychometric robustness of this measurement tool.  This exploratory study was 
conducted within a matched pairs RCT, and random allocation to the hCIMT treatment group was 
met with much enthusiasm and excitement due to the circus-themed day-camp. In comparison, 
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children who were randomised to SC were initially disappointed. Once therapy commenced, 
however, children (and their caregivers) were pleased to be participating in 1:1 intervention with the 
treating occupational therapist, parents and children anecdotally reporting participation in SC to be 
beneficial. All children allocated to SC were also offered a one week circus camp at the end of the 
trial. The initial disappointment to the allocation of SC, however, must be considered when 
evaluating children’s engagement in therapy.  The number of drop-outs in the SC treatment group 
and random allocation of three unmatched participants to hCIMT resulted in an unequal sample size 
in the two treatment groups. These differences in sample sizes between the two groups may have 
impacted results and a larger sample for the SC group may have identified relationships between the 
PVQ and DMQ not seen in the present study. The conclusions from this study should therefore be 
interpreted with caution.  The promising findings of this exploratory study and the conclusions 
indicating the importance of the therapeutic context on therapy in children with CP are, however, 
not restricted because of this limitation. The differences in effect sizes for PVQ total volitional 
scores and DMQ object-oriented persistence for hCIMT (r=0.50, r²=-.25, p=0.01) and SC (r=0.02, 
r²=0.00, p=0.95) suggest a larger sample size may not identify significant relationships in the SC 
treatment group. Validation of these findings with a larger sample size across the two treatment 
groups is warranted.  
Conclusions 
This paper reviews the role of mastery motivation as an important element in the way children 
engage in therapy.  The therapeutic environment has an important part in fulfilling a child’s 
psychological need for Autonomy, Relatedness and Competence.   Therapists are encouraged to 
assist children’s engagement in therapy by identifying motivational predispositions and tailoring 
tasks, activities and the environment to suit the individual needs of the child.  Exploration and 
active participation in therapy can be enhanced by presenting UL training in fun and novel ways 
that support choice, utilize peer support to foster belongingness and skillfully structure tasks to 
harness and enhance children’s motivation and persistence to promote mastery of new skills. 
Enhancing engagement in therapy is likely to maximize rehabilitation efforts and optimize 
functional outcomes for children and their families. 
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9.3 Summary and Conclusions 
Despite having lower levels of persistence (as reported by their parents) prior to engaging in 
UL training, children in the hCIMT treatment group demonstrated greater engagement in goal-
directed challenging tasks than children in SC. These findings highlight the importance of the 
therapeutic environment in enhancing children’s engagement in therapy. It also illuminates aspects 
of the environment which support children’s motivation to persist with challenging tasks which 
therapists can utilise when planning treatment sessions. The importance of novelty, peer support 
and interactions, support for Autonomy and the need for the just-right challenge are discussed. 
Previous chapters provided key knowledge regarding how individual and environmental factors 
influence children’s motivation, and highlighted the importance of working with families to support 
the development of children’s persistence with potentially challenging tasks in early childhood. 
This final paper identifies the key role of the clinician in individually tailoring UL interventions and 
creating a therapeutic environment that serves to enhance children’s motivation and support 
engagement in therapeutic activities. 
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Chapter 10: Discussion and Conclusions 
10.1 Overview 
Findings in this thesis enhance our understanding of factors contributing to therapeutic 
outcomes following UL rehabilitation for children with congenital hemiplegia. Importantly, they 
provide information regarding (1) the extent to which children’s mastery motivation impacts 
occupational performance outcomes, (2) how parenting styles and family structure influence the 
processes underpinning mastery motivation including persistence with challenging tasks and/or 
emotional responses to mastery attempts, and (3) the way a therapeutic environment can enhance or 
hinder children’s engagement in therapy. This knowledge has the potential to refine clinical practice 
and inform future research exploring the efficacy of UL interventions in children with CP.  
To date, research examining treatment efficacy in UL rehabilitation has focussed on the 
influence of impairment of body structures and functions on activity outcomes, with limited 
consideration of contextual factors. Many of the individual and environmental factors investigated 
in this thesis have not previously been examined in the context of therapy outcomes following UL 
intervention for children engaged in UL motor rehabilitation. Previous research which has explored 
associations between mastery motivation and (1) measures of development and function 
(Majnemer, Shevell, et al., 2010; Majnemer et al., 2013), leisure (Majnemer, Shikako-Thomas, et 
al., 2010), participation (Majnemer et al., 2008), and quality of life in children with CP (Majnemer 
et al., 2007); (2) achievement and competence in children with Down syndrome (Gilmore & 
Cuskelly, 2009); and (3) novel interventions for children with CP (Gilmore et al., 2010; Harris & 
Reid, 2005; Reid, 2004; Tatla et al., 2013) has informed this thesis.  
The current research was designed in response to two unanswered clinical questions: (1) 
Why do some children benefit from UL rehabilitation and others do not? (2) If minimal differences 
in treatment efficacy exist for different UL therapy approaches (e.g., CIMT and BIM), what other 
factors could be influencing therapy outcomes? To answer these questions, six aims were 
established for the doctoral thesis and each aim was addressed through sub-studies reported in 
Chapters 4 through 9. A unique aspect of this thesis was its investigation of the relationship 
between children’s mastery motivation and individual and environmental factors. This thesis 
contributes new knowledge regarding the influence of family ecology on children’s mastery 
motivation for children with CP (Chapter 6). In addition, to the best of the author’s knowledge, the 
papers comprising Chapters 7 and 8 include the first studies investigating the impact of children’s 
mastery motivation on individualised outcomes within the context of a RCT of two different goal-
directed UL interventions. These studies found children’s willingness to persist with challenging 
tasks, together with their ability to spontaneously and effectively use their impaired UL in bimanual 
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abilities, predicted superior performance and satisfaction with individualised functional goals. A 
further aim was to investigate the relationship between children’s motivation and their engagement 
in UL therapy. The influence of the therapeutic environment on children’s engagement was also 
explored (Chapter 9). The results of this study suggest children’s mastery motivation can be 
enhanced or hindered by the therapeutic environment. With minimal differences in treatment effect 
observed between different UL training protocols (Sakzewski, Ziviani, et al., 2014), the findings of 
the studies comprising Chapters 7, 8 and 9 suggest clinicians play an important role in determining 
the optimal therapy program for children with CP. Clinicians can design therapeutic interventions 
guided not only by evidence for optimal UL training protocols, but also the individual and 
environmental characteristics unique to each child.  
Within UL rehabilitation settings, knowledge of the child’s interests and motivational 
predisposition will enable clinicians to refine clinical decisions regarding (1) type of UL therapy 
(and/or training protocol), (2) intensity and density of therapy, (3) meaningful goal-setting, (4) 
therapeutic context for intervention, (5) tasks and activities for therapy sessions and home 
programs, and (6) required supports for families to generalise skills to the home environment. 
Tailoring service delivery models and therapy sessions to the individual needs of the child, within 
the context of their family, is proposed as a way of optimising engagement and therapy outcomes. 
10.2 Outline for Presentation of Research Findings 
This doctoral program was embedded within a RCT titled COMBIT: Protocol of a 
Randomised Comparison Trial of COMbined Modified Constraint Induced Movement Therapy and 
Bimanual Intensive Training with Distributed Model of Standard Upper Limb Rehabilitation in 
Children with Congenital Hemiplegia. Results for COMBiT identified no differences between the 
two treatment groups at baseline. At 13 weeks follow-up, no differences in bimanual performance 
(AHA) were evident between the two treatment groups, however, at 26 weeks post-intervention the 
SC group demonstrated greater improvement (estimated mean difference [EMD] 3.1, 95%CI -6.0 to 
-0.20; p=0.04). Clinically meaningful changes in COPM performance scores (EMD 2.6, 95% CI 2.0 
to 3.3; p<0.001 for hCIMT; 3.3, 95% CI 2.6 to 4.1; p<0.001 for SC) were reported for both 
treatment groups and these were retained at 26 weeks post-intervention (EMD 3.0, 95% CI 2.4 to 
3.7; p<0.001 for hCIMT; EMD 3.7, 95% CI 3.0 to 4.4; p<0.001 for SC). At 13 weeks post-
intervention greater gains in COPM satisfaction scores were reported for the SC group (EMD -1.2, 
95% CI -2.2 to -0.1, p=0.04) and these were maintained at 26 weeks, however, this was not 
clinically meaningful. The full results of this RCT have been submitted for publication in a peer 
reviewed journal and the manuscript is included in Appendix 15. The research and experiments 
reported in this dissertation are cross-sectional and cohort studies of the children who participated in 
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the COMBiT trial. This final chapter provides a summary of the major findings from the sub-
studies conducted to investigate the six aims of this doctoral research. Chapters 1 and 2 provided a 
rationale for the need to investigate the individual characteristics and environmental factors 
influencing occupational performance outcomes within the theoretical framework of mastery 
motivation. The following three chapters (Chapters 3, 4 and 5) provided an overview of the 
methodology of the study and justification for use of the DMQ as a valid and reliable measure of 
motivation, suitable for use within the RCT. The three empirical studies comprising Chapters 6, 7, 
and 8 report cross-sectional analyses of factors influencing mastery motivation at baseline, followed 
by two in-depth analyses to determine the best predictive models of occupational performance 
outcomes following UL intervention. Finally, the translation of children’s motivation into 
engagement in therapy was explored in Chapter 9. 
The following section provides a brief summary of significant research results relevant to 
each of the six aims examined in this thesis. This is followed by a synthesis of the results with the 
purpose of accentuating key findings and discussing the clinical implications of the research results. 
Finally, limitations of the current research study are addressed and recommendations for future 
research outlined. 
10.3 Summary of Research Results 
10.3.1 Aim one (examined in Chapter 3). 
To investigate the validity, reliability, feasibility, accessibility, and practicality of use of 
measurements of motivation for 5-16 years old children with a physical disability or motor delay. 
Prior to the commencement of the RCT (COMBiT) a systematic review was performed to 
inform the choice of measures of motivation for the study. It was hypothesised that there would be 
few measures of motivation that demonstrate adequate validity, reliability, and clinical utility for 
use with children aged 5-16 years with a physical disability or motor delay. The systematic review 
of the clinimetric properties of measures of motivation for children aged 5-16 years with a physical 
disability or motor delay identified over 13,000 papers discussing children’s motivation, however, 
few (n=15) objectively measured motivation of participants using psychometrically sound 
assessment tools. From the 15 papers identified, only two measures of motivation met the full 
inclusion criteria established for this clinimetric review (Miller, Ziviani, & Boyd, 2014). These 
were the (1) Dimensions of Mastery Questionnaire (DMQ) (Morgan et al., 2009) and (2) Pediatric 
Volitional Questionnaire (Basu et al., 2008). The DMQ had the strongest psychometric properties of 
the two measures based on validity and reliability studies conducted with typically developing 
children and children with developmental disabilities. The DMQ also measured children’s mastery 
motivation across a broad range of occupational performance areas from the perspectives of 
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different people (e.g., caregivers, child self-report). The DMQ was therefore selected as the primary 
measure of mastery motivation for the cross-sectional (Chapter 6) and cohort studies (Chapter 7, 8 
and 9). There was, however, only preliminary evidence of its reliability in younger children with 
physical disabilities and this was seen as a potential limitation in the use of this measure in the 
RCT. It was therefore necessary to determine the test-retest reproducibility and parent-child 
concordance of the DMQ in our study sample of school-aged children with congenital hemiplegia 
(Chapter 5).  
Although not as psychometrically robust as the DMQ, the PVQ offered an alternative 
measurement of children’s motivation and engagement within a specific context and explored the 
influence of the therapy environment on children’s motivation. The PVQ was therefore utilised as a 
measure of children’s actual engagement in goal-directed activities during UL training to determine 
(1) whether children’s mastery motivation translated into actual engagement in therapy and (2) the 
influence of the therapeutic environment on children’s motivation and engagement (Chapter 9). 
10.3.2 Aim two (examined in Chapter 5). 
To determine the test-retest reproducibility of the DMQ parent proxy-report in school-aged 
children with congenital hemiplegia. Secondary aims were to examine internal consistency and 
parent-child concordance of the DMQ in the same sample. 
This study was conducted to examine the reproducibility and internal consistency of the 
DMQ. It was hypothesised there would be moderate agreement on test-retest reproducibility for 
DMQ parent proxy-report and that internal consistency would be high, however, parent-child 
concordance on the DMQ would be poor. In the current research, ICC point estimate values for 
DMQ total motivation (0.84), instrumental aspect (0.86) and expressive aspect (0.83) scores were 
high and the SEM low (4.8%) (Miller, Marnane, et al., 2014). Based on these findings, accurate 
determination of mastery motivation in school-aged children with congenital hemiplegia utilising 
the DMQ parent proxy-report in both clinical practice and future research is possible. Consistent 
with previous studies examining the internal consistency of scales from the DMQ (e.g., parent 
proxy-report where α ≥ 0.75) (Gilmore & Boulton-Lewis, 2009; Jozsa & Molnar, 2013; Morgan et 
al., 2009), this study reported Cronbach’s alphas ranging from 0.69 to 0.86 (Miller, Marnane, et al., 
2014).  
To the best of the author’s knowledge, this was the first study to investigate parent-child 
concordance, in relation to self-perceptions of motivation, in older school-aged children (5-16 
years) with a physical disability using ICC’s, SEM, and limits of agreements. Consistent with other 
measures that rely on the subjective perspectives of different individuals to report an unobservable 
phenomenon e.g., Quality of Life parent-proxy and child self-report measures (Davis et al., 2007; 
Majnemer et al., 2007), parent-child concordance was poor with ICC values not significantly 
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different from zero (-0.04 to 0.42) (Miller, Marnane, et al., 2014). These findings are also consistent 
with low correlations (r=-0.02 to 0.43) reported between parent/teacher and child ratings on the 
DMQ in previous studies (Jozsa & Molnar, 2013; Morgan & Bartholomew, 1998; Morgan et al., 
2009).  
This study identified the DMQ parent proxy-report as a reproducible tool that can 
adequately distinguish different levels of mastery motivation in children with a physical disability. 
Clinicians and researchers can confidently use the DMQ parent proxy-report as a measure of 
mastery motivation in school-aged children with congenital hemiplegia. In this doctoral program, 
the DMQ parent proxy-report was utilised as the primary measure of mastery motivation as a 
considerable number of children in the COMBiT trial were too young to accurately complete the 
child self-report. The limitations of this method are discussed later in the chapter. Due to poor 
parent-child concordance, it is recommended that clinicians consider both the parent’s and child’s 
(when age-appropriate) perspective when determining children’s mastery motivation.  
10.3.3 Aim three (examined in Chapter 6). 
To examine the relationships between mastery motivation and individual and environmental 
factors in school-aged children with congenital hemiplegia. Secondary aims were to describe 
mastery motivation in school-aged children with congenital hemiplegia and compare them to (1) a 
reference sample of typically developing school-aged children (Morgan et al., 2009) and (2) two 
published samples of school-aged children with CP (Majnemer, Shevell, et al., 2010; Yap et al., 
2010). 
This study was included in the research to better understand the anticipated research 
findings of aims four and five of the doctoral program (outlined below). Variability in children’s 
mastery motivation may be explained, in part, by the child’s individual characteristics but also the 
environment within which the child learns and lives. The primary purpose of this study was to 
determine contextual factors that may enhance or hinder children’s mastery motivation. It was 
hypothesised that children’s mastery motivation would be positively related to functional parenting 
styles and negatively associated with activity limitations, manifesting in gross motor function and 
hand-use in everyday activities. Forty-eight children who were assessed at baseline for the RCT 
(COMBiT) were included in this cross-sectional study. This study identified important relationships 
between children’s mastery motivation and their family ecology (parenting styles, family structure) 
not previously reported in school-aged children with physical disabilities (Miller, Ziviani, Ware, et 
al., 2014b). Parent’s laxness in discipline practices, measured using the Parenting Scale (Arnold et 
al., 1993), was the most significant predictor of children’s total motivation and persistence 
(instrumental aspect) scores on the DMQ parent proxy-report. For object-oriented persistence, 
children from two-parent families with a higher level of bimanual performance experienced greater 
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levels of object-oriented persistence than children from single-parent families. Parents who utilised 
high levels of verbosity in discipline practices negatively influenced their children’s gross motor 
persistence and social persistence with peers. Family structure emerged as a predictor of negative 
reactions to failure on multivariable analyses. Children who were more likely to react to failure 
were those from single-parent families and those with at least one sibling. This study provided 
evidence to support our hypotheses that functional parenting styles can enhance children’s mastery 
motivation. These findings contribute unique knowledge to our understanding of the factors 
impacting mastery motivation in school-aged children with physical disabilities, and support 
previous research in younger typically developing children and young children with Down 
syndrome and intellectual impairment (Frodi et al., 1985; Grolnick, 1986; Grolnick et al., 1984). 
The unexplained variances in the best predictive regression models identified in this study highlight, 
however, that other factors (e.g., a child’s intellectual ability) not measured in this study might also 
contribute to children’s mastery motivation.  
The secondary aims of this study were to describe mastery motivation in school-aged 
children with congenital hemiplegia and compare them to (1) a reference sample of typically 
developing school-aged children (Morgan et al., 2009) and (2) two published samples of school-
aged children across the spectrum of severity of CP (Majnemer, Shevell, et al., 2010; Yap et al., 
2010). For this study sample, highest motivation scores were obtained for mastery pleasure and 
social persistence subscales and the lowest scores were obtained for general competence and object-
oriented persistence. When compared to typically developing children, children with congenital 
hemiplegia in our study sample scored significantly lower on object-oriented persistence and social 
persistence with peers, but higher on negative reactions to failure. When compared to children 
across a broader spectrum of severity of CP (GMFCS I-V) (Majnemer, Shevell, et al., 2010) our 
study sample scores were higher on all DMQ scales. A likely explanation for this difference was 
Majnemer and colleague’s study sample of children included children with a greater severity of 
impairment in MACS and GMFCS levels II-V. In comparison, when evaluated against a more 
similar sample of children with hemiplegia and diplegia (Yap et al., 2010), no significant 
differences were identified. These findings support previous research highlighting that children with 
disabilities are reported by their parents to have significantly lower levels of motivation than their 
typically developing peers (Gilmore & Cuskelly, 2011; Gilmore, Cuskelly, & Purdie, 2003; 
Majnemer, Shevell, et al., 2010; Majnemer et al., 2013; Morgan et al., 2010; Morgan et al., 2013). 
Whilst this may be in part due to parental expectations in comparison to typically developing 
siblings and peers, it reinforces concerns regarding the impact of reduced motivation on child 
development, health, and wellbeing in vulnerable children already at risk of adverse long-term 
functional outcomes.  
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10.3.4 Aim four (examined in Chapter 7). 
To determine the impact of a child’s mastery motivation on occupational performance 
outcomes at 13 weeks following upper limb intervention when controlling for family ecology and 
other potentially confounding characteristics.  
Studies of the efficacy of UL interventions for children with UCP have found minimal 
differences in treatment effect between different UL training protocols (Sakzewski et al., 2009; 
Sakzewski, Ziviani, et al.). These findings have raised questions regarding what other factors 
influence therapy outcomes for children with congenital hemiplegia engaged in rehabilitation 
programs. In recent years, mastery motivation has become an area of increasing interest in children 
with CP (Bartlett, 1999; Majnemer, 2011). The primary purpose of this study was to therefore 
explore the relationship between children’s mastery motivation at baseline, and performance of 
individualised outcomes immediately following UL intervention in children with congenital 
hemiplegia. We hypothesised children’s persistence with challenging tasks would be positively 
associated with favourable individualised outcomes immediately post-intervention, when 
controlling for family ecology, age, sex, and UL capacity. Seventy seven percent of children 
participating in both treatment arms of the RCT achieved clinically significant gains in occupational 
performance outcomes. Children who demonstrated greater persistence with moderately challenging 
tasks and were classified as having better manual ability during everyday tasks (MACS I) achieved 
more favourable individualised outcomes as measured by the COPM than those with more limited 
manual ability (MACS II) and less object-oriented persistence. Children’s persistence on object-
oriented tasks also predicted greater satisfaction with individualised outcomes (Miller, Ziviani, 
Ware, et al., 2014a). These findings support previous research investigating predictors of daily 
living skills in children with developmental disabilities (Hauser-Cram et al., 2001) and associations 
between persistence, activity limitations, and participation restrictions in children and adolescents 
with CP (Majnemer et al., 2008; Majnemer et al., 2013). The unique contribution of this study is the 
identification of children’s persistence with challenging tasks as a significant contributor to 
individualised outcomes post-intervention. Consistent with previous research (Schunk & Pajares, 
2005), these findings also support our understanding that satisfaction with performance and positive 
emotional experiences related to mastery and competence are associated with persistence and effort. 
10.3.5 Aim five (examined in Chapter 8). 
To determine the extent to which children’s mastery motivation predicts occupational 
performance outcomes immediately post, and six months following an intensive group block model 
of intervention (hCIMT) or an individualised, distributed model of standard occupational therapy 
care.  
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This study was a longitudinal investigation of predictors of occupational performance over 
two time points. The aim of this study was to expand on the anticipated findings of the previous 
study to explore the extent to which mastery motivation impacted individualised outcomes of UL 
intervention over a longer time frame (6 months). This study hypothesised significant positive 
relationships between children’s mastery motivation at baseline and occupational performance 
outcomes identified at 13 weeks post UL intervention would be retained at 26 weeks. Seventy seven 
percent of children (n=32) achieved a clinically significant improvement of two or more points on 
COPM performance scores at 13 weeks following intervention and 97% of these children (n=31) 
maintained these gains at 26 weeks. There were no clinically significant between group differences 
on COPM performance or satisfaction at 13 or 26 weeks post-intervention (see Appendix 15). Key 
results arising from this study identified children’s willingness to persist with task-directed 
activities (DMQ 26 weeks β=0.31, p=0.05), their ability to spontaneously and effectively use their 
impaired hand in bimanual activities (AHA 26 weeks β=0.03, p=<0.001), and allocation to SC 
(Standard Care 26 weeks β=0.24, p=0.01) as significant predictors of occupational performance 
outcomes immediately following and at 6 months post UL training for children with congenital 
hemiplegia. Greater object-oriented persistence (p<0.001) was associated with COPM satisfaction 
scores at 13 weeks. At 6 months post-intervention, both greater total motivation (DMQ p=0.02) and 
better bimanual performance (AHA p=0.07) predicted satisfaction with occupational performance. 
This study provided evidence to support our hypotheses that children’s willingness to persist in the 
face of challenge is an important factor in achieving positive functional outcomes following 
intervention. The dynamic relationship between children’s persistence with challenging tasks and 
hand function identified in our cross-sectional study (Miller, Ziviani, Ware, et al., 2014b) (Chapter 
6) is also evident in this study with both object-oriented persistence and bimanual performance 
impacting individualised outcomes. The unique findings of this study have important implications 
for clinical practice that could potentially modify the way in which UL interventions are delivered 
at an individual, family, and service level. These clinical implications will be discussed in detail 
later in this chapter. 
10.3.6 Aim six (examined in Chapter 9). 
To determine if mastery motivation measured at baseline using the DMQ can predict 
therapy engagement (measured by the PVQ) in two different goal-directed UL interventions for 
children with congenital hemiplegia. 
Engagement in therapy is an area of increasing interest in clinical practice and empirical 
research. Active participation in therapy interventions is required for achievement of therapy 
outcomes (Gopalan et al., 2010; Lequerica & Kortte, 2010), however, our knowledge of children’s 
engagement in UL intervention and its relationship to motivational predisposition is limited (King 
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et al., 2014). For this study it was hypothesised that children with higher levels of mastery 
motivation at baseline would demonstrate greater engagement in therapy than children with lower 
levels of mastery motivation at baseline. A second hypothesis was that children participating in 
hCIMT would be more engaged in goal-directed therapeutic activities than children in SC. Findings 
of this study challenged the first hypothesis. Despite being reported by their parents as 
demonstrating less persistence with challenging tasks at baseline (DMQ instrumental aspect; mean 
diff= -0.25, p=0.05), children in hCIMT were assessed to demonstrate greater engagement (0.24 
points higher, p=0.04) in goal-directed UL tasks than children in SC. For children in hCIMT, 
greater object-oriented persistence was, however, positively associated with task-directedness 
(β=0.25, BCaCI 0.01 to 0.48, p=0.05), seeking challenges (β=0.51, BCaCI 0.17 to 0.91, p=0.02), 
exploration (β=0.10, BCaCI 0.02 to 0.17, p=0.03), and total volitional scores (β=0.23, BCaCI 0.07 
to 0.36, p=0.01) during intervention. Children with greater gross motor persistence also 
demonstrated increased task-directedness (β=0.40, BCaCI 0.08 to 0.71, p=0.01), whilst children 
who reacted more negatively to failure were observed to be less task-directed during therapy (β=-
0.32, BCaCI -0.53 to -0.09, p=0.01). No significant associations were identified for the SC 
treatment group. This paper highlights the important role of the therapeutic environment in 
facilitating engagement during therapy. It suggests that clinicians can utilise elements within the 
environment to modify and enhance children’s motivation when participating in challenging tasks 
and promote active engagement therapy. This could potentially maximise rehabilitation efforts and 
optimise functional outcomes for children and their families. These findings provide new 
knowledge that may guide future research to support our understanding of the importance of 
children’s engagement in UL interventions. Recommendations for future research in this emerging 
area are proposed at the end of this chapter. 
10.4 Synthesis of Research Findings and Implications for Clinical Practice 
Children’s willingness to independently persist, problem solve, and master moderately 
challenging tasks as well as their ability to spontaneously and effectively use their impaired UL in 
bilateral activities, were identified as significant contributors to occupational performance outcomes 
following UL intervention. Greater persistence with tasks also predicted satisfaction with 
performance of meaningful life activities. In addition, a consistent theme throughout this thesis was 
the potential for the child’s environment to potentially enhance or hinder their mastery motivation. 
Two aspects of the environment were identified as important factors impacting children’s mastery 
motivation and engagement in therapy: family ecology and the therapeutic context. Within family 
ecology, parenting styles and family structure were found to be significantly associated with 
children’s willingness to persist with challenging tasks and emotional reactions to mastery attempts, 
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respectively. Within the therapeutic environment, support for Autonomy, peer involvement, 
structure/scaffolding, and novelty and fun were found to support children’s engagement in 
challenging goal-directed bimanual tasks.  
Prior to the completion of the research contained in this thesis, our knowledge of the impact 
of contextual factors on outcomes of UL interventions was limited. This original research 
contributes unique knowledge to the UL rehabilitation field that has the potential to refine 
intervention planning and lead to better therapy outcomes for children with CP. Within the context 
of UL rehabilitation, the findings of this research suggest greater attention should be directed 
towards the contextual factors influencing treatment efficacy of UL interventions, particularly in the 
area of individualised goal achievement and participation in meaningful life activities. This study 
has shown that children’s mastery motivation has the potential to enhance or hinder the functional 
outcomes of UL interventions. Consequently, attending to the individual interests and motivational 
predispositions of the child would assist clinicians to make sound clinical decisions regarding 
service delivery models, UL training protocols, and therapeutic contexts for intervention delivery 
that will optimise therapy outcomes for children. In addition, support to caregivers to generalise 
positive parenting practices within the home environment may also be considered an essential 
element of UL treatment interventions. The following section provides a synthesis of key findings 
of the research and highlights the implications of these for clinical practice. 
10.4.1 Understanding mastery motivation in the context of occupational performance 
outcomes: Implications for service delivery.  
The goal of UL rehabilitation for children with congenital hemiplegia is to reduce activity 
limitations and enable participation in meaningful life activities (King et al., 2003; Sakzewski, 
Ziviani, et al., 2014). Findings from this thesis demonstrate children’s willingness to persist in the 
face of challenge is as important in achieving superior positive functional outcomes following 
intervention as bimanual performance. The findings are supported, in part, by studies exploring 
associations between mastery motivation and child developmental and functional outcomes. In 
school-aged children (Majnemer, Shevell, et al., 2010) and adolescents (Majnemer et al., 2013) with 
CP, higher levels of total mastery motivation and persistence with object-oriented, gross motor and 
social tasks were positively associated with daily living skills, communication, and socialisation 
across both age groups (Majnemer, Shevell, et al., 2010; Majnemer et al., 2013). Additionally, 
mastery motivation has been identified as a key predictor of changes in the development of daily 
living skills in children with developmental disabilities (Hauser-Cram et al., 2001).  
Adoption of valid and reliable measures of motivation in clinical settings would supplement 
current assessment practices and assist clinicians to design well-matched rehabilitation interventions 
that are supportive of children’s individual characteristics, interests, and motivations. Based on the 
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key findings of this thesis, the following is a discussion of how clinicians can utilise enabling and 
customising therapy strategies (King et al., 2007) to enhance children’s mastery motivation, ensure 
successful engagement in therapy, and optimise rehabilitation outcomes.  
10.4.2 The therapeutic environment: A mechanism influencing engagement in 
therapy. 
The findings of this doctoral project expand current knowledge regarding dimensions of the 
therapeutic environment that support children’s mastery motivation and facilitate engagement in 
therapy. These findings are consistent with Self-Determination Theory (SDT) which suggests 
environments that support children’s psychological needs for Autonomy, Relatedness and 
Competence (Deci & Ryan, 2000; Poulsen et al., 2006) are most conducive to engagement and 
participation. Environmental features of the UL treatment group that produced higher levels of 
engagement in this study (hCIMT) included (1) greater opportunities for choice (Autonomy), (2) 
peer support (Relatedness), and (3) mastery of graded challenges and activities within a short time 
frame (Competence). Variability, novelty and fun were also key aspects of the hCIMT UL 
intervention.  
Clinicians play an important role in determining the best fit between the child, the activity, 
and the environment (Ziviani & Poulsen, 2013). Through knowledge of individual characteristics 
and environmental factors influencing the child, clinicians can better align UL intervention options 
for children grounded in evidence-based UL treatment approaches and protocols and in 
consideration of the strengths of the child (and their family). Drawing on the literature from studies 
of family and educational environments (Grolnick, 2003; Su & Reeve, 2011) and SDT (Deci & 
Ryan, 2000), therapy processes and contexts may be carefully designed by clinicians to create 
optimal therapy conditions that are supportive of children’s motor learning, mastery motivation, and 
active engagement in personally meaningful activities (King et al., 2014). Three key dimensions of 
the therapeutic environment that clinicians may consider as customisable active ingredients to 
enhance mastery motivation and engagement include (1) support for Autonomy, (2) social supports 
and interactions, and (3) structure (Grolnick, 2003). These dimensions are underpinned by SDT 
(Deci & Ryan, 2000) and support children’s three basic psychological needs for Autonomy, 
Relatedness, and Competence (respectively).  
10.4.2.1 Support for Autonomy.  
Environments that are supportive of children’s Autonomy are known to predict better 
developmental outcomes and are associated with greater persistence in children with developmental 
disabilities and typical development (Gilmore et al., 2009). Autonomy-supportive actions include 
encouraging self-initiation and independent choice-making, facilitating active participation in 
decision-making and independent problem solving, minimising control, and acknowledging 
169
  
perspectives and feelings (Su & Reeve, 2011). Examples of how clinicians may embed autonomy-
supportive actions within the context of therapy, with the aim of maximising engagement include 
(1) collaborative goal-setting; (2) offering choices, providing flexibility, and fostering relevance; 
and (3) nurturing inner motivational resources. Within this thesis, these autonomy-supportive 
actions were incorporated within both the hCIMT and SC treatment groups. For children 
participating in hCIMT, however, these actions were more salient and may have contributed to 
greater engagement in therapy. 
Collaborative goal-setting with children. Children in this research project set personally 
meaningful goals in collaboration with their caregivers and therapist using the COPM (Law et al., 
2005). The involvement of caregivers in the goal-setting process is not without limitations, and is 
discussed later in the chapter. Collaborative goal-setting is considered a fundamental component of 
client-centred practice in motor rehabilitation and is an important component of the autonomy-
supportive environment (Brewer et al., 2014; Löwing, Bexelius, & Brogren Carlberg, 2009). 
Pursuing valued, meaningful life goals is central to human behaviour and functioning (Townsend & 
Polatakjo, 2013) and self-selection of personally meaningful and relevant goals is known to 
motivate and direct behaviour (Locke & Latham, 2002). Providing a meaningful rationale for 
children and linking self-selected goals with therapeutic activities and performance outcomes can 
also enhance children’s engagement in therapy and willingness to persist with challenging activities 
(Su & Reeve, 2011). For children in hCIMT, practise of individualised goals also occurred within a 
social environment (with numerous peers and therapists), which contributed to children’s 
engagement in challenging tasks. The value of peer and therapist involvement in the therapy 
process is discussed later. 
Offering choices and providing flexibility in therapeutic settings. Provision of individual 
choice is known to foster motivation and pursuit of goals and interests (Assor, Kaplan, & Roth, 
2002; Su & Reeve, 2011). Some approaches to support children’s independent choice-making 
utilised within this research project include (1) collaboratively exploring potential options in 
therapy, (2) deciding when therapeutic activities will be completed during the session i.e. the order 
of tasks, (3) determining how tasks will be completed e.g., materials and tools to be used, and (4) 
allowing appropriate risk-taking and learning from consequences (Cuskelly & Poulsen, 2013; 
Grolnick, 2003). In addition, fostering the relevance of chosen therapeutic activities was considered 
an important aspect of supporting children’s Autonomy. By providing meaningful rationales 
clinicians were able to link the therapeutic activities offered to children within the context of UL 
training, with their interests and personally meaningful goals (Assor et al., 2002).  
Nurturing inner motivational resources (Reeve, Jang, Carrell, Jeon, & Barch, 2004). The 
findings of this thesis identified the influence of children’s mastery motivation on task engagement 
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and occupational performance outcomes. To better align UL interventions with the inner 
motivational resources of the child, clinicians may consider designing UL training programs that are 
supportive of children’s motivational strengths and interests. For example, a child who 
demonstrates greater persistence with peers in comparison to adults may flourish in a group model 
of intervention rather than individualised 1:1 therapy. Alternatively, a child who shows greater 
interest, perseverance and competence with gross motor activities could have these strengths 
included as part of their therapy program to facilitate engagement with more challenging tasks (such 
as social and/or cognitively-oriented tasks). These two examples highlight a further two basic 
psychological needs of children that require consideration within the therapeutic environment. 
These include (1) Relatedness, addressed through social supports and interactions in therapy and (2) 
Competence, enhanced through structuring and scaffolding the therapeutic environment to provide 
the just-right challenge.  
10.4.2.2 Social supports and interactions to support Relatedness. 
Effective therapeutic relationships have consistently been identified as a key predictor of 
treatment outcomes across all developmental levels in both child and adolescent therapy (Shirk & 
Karver, 2003). Strong therapeutic relationships are thought to support children and youth by 
providing stable, non-controlling, and accepting environments in which therapy can occur (Karver, 
Handelsman, Fields, & Bickman, 2006). Through skilful use of the therapeutic relationship, 
clinicians can facilitate children’s engagement in treatment and support their psychological need to 
belong and be connected to others (referred to as Relatedness in SDT) (Deci & Ryan, 2000). 
Children also have an influential sphere of social supports within their environment 
including parents, teachers, friends, and family, as well as closely connected groups and 
organisations (Bronfenbrenner, 1979). Within the context of UL rehabilitation, clinicians can 
explore children’s social supports and determine how these connections may support children’s 
willingness to persist with mastery of challenging UL activities necessary for skill development and 
acquisition of meaningful life goals. This section focusses on the role of peers in supporting 
children’s mastery motivation within the context of the therapeutic environment. The role of the 
family environment in supporting children’s mastery motivation is discussed later in this chapter.  
Knowledge of children’s motivational disposition prior to therapy may assist clinicians to 
determine whether a group-based model or individualised 1:1 therapy would be most beneficial to 
the child. Utilising the theoretical framework of mastery motivation, clinicians could identify 
whether children’s persistence with tasks and ultimately their engagement in therapy is best 
supported through connections with peers and/or adults. The two UL interventions utilised in this 
thesis differed with reference to the physical, social, and temporal environments in which therapy 
was conducted. In particular, the social context within which UL training was delivered and the 
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social supports available to children during UL therapy were vastly different. For SC, children 
worked 1:1 with a therapist, whereas in hCIMT, children worked within a larger group of similar 
aged and ability peers with numerous therapists (2:4, therapist to children ratio). 
In studies of young children, there is consistent evidence demonstrating children are 
motivated to participate in activities with other children and engage in shared activities (Butler & 
Walton, 2013; Over & Carpenter, 2009; Warneken et al., 2012; Warneken & Tomasello, 2007). 
Furthermore, collaboration with peers is reported to promote children’s willingness to persist with 
challenging tasks (Butler & Walton, 2013). Working with peers can be a valuable way of teaching 
children to cope with difficulties and persist in the face of failure. Peers who model persistence and 
sustained effort to independently try novel and demanding activities can help children feel more 
capable of meeting similar challenges and overcome negative self-beliefs associated with the 
accumulation of repeated failures over childhood (Bandura, 1997). Within the hCIMT treatment 
group, UL activities during the mCIMT phase of the UL training were structured to facilitate 
collaborative problem solving. For example, with their unimpaired hand constrained, children were 
required to work in pairs to make juggling balls, an activity that typically requires the use of two 
hands. Each child was required to cooperate with their buddy and negotiate how the task was going 
to be completed with the use of their impaired UL. Children were observed to work collaboratively 
to solve problems and share solutions within their pairs and across the larger group. 
Overwhelmingly, children and parents subjectively reported the most valued outcomes of 
participation in the day-camp (hCIMT) was developing relationships with peers facing similar 
difficulties and working collaboratively with these peers to master challenging tasks and achieve 
meaningful life goals. It is important, however, that clinicians construct the just-right challenge 
with the just-right peers. Observing others fail at tasks may potentially dissuade children from 
attempting tasks or independently persisting in the face of challenge (Schunk & Gunn, 1986). 
Additionally, children who have had difficulty mastering a task in the past may experience self-
doubt and lack belief in their ability to take on new challenges (Dweck & Molden, 2005). In SDT, 
belief in oneself to successfully interact with the environment is referred to as Competence (Deci & 
Ryan, 2000) and is closely associated with self-efficacy (Bandura, 1997). One way of facilitating 
Competence within the therapeutic environment is through the use of structure and scaffolding. 
10.4.2.3 Structure and scaffolding to support Competence. 
The autonomy-supportive therapeutic environment discussed earlier in this chapter does not 
imply therapy sessions should lack structure (Cuskelly & Poulsen, 2013). Providing clear 
guidelines, information, expectations, and feedback can enhance children’s mastery motivation and 
support independent thoughts and actions (Grolnick, 2003; Pomerantz et al., 2005). Purposeful 
structure within therapy sessions and tailored scaffolding for individual tasks and activities are 
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important elements within competence-supporting environments. To facilitate independent problem 
solving, persistence with challenging tasks and mastery of meaningful life goals, clinicians can 
structure and scaffold sessions to incorporate optimal task challenge, novelty and fun, and process-
focused feedback. 
Optimal task challenge. There is consistent evidence to support that children’s mastery 
motivation is most effectively demonstrated when tasks are moderately challenging (Morgan et al., 
1992; Redding et al., 1988). A task is considered to be optimally challenging when sustained task-
directed effort is required to complete it but success is possible (Morgan et al., 1990). When tasks 
meet this criterion, children demonstrate greater interest, persistence and engagement in activities 
(Jennings & Dietz, 2003; Morgan et al., 1992; Redding et al., 1988); heighten and sustain their 
efforts in the face of failure (Schunk & Gunn, 1986); and are more likely to experience flow 
(Csikzentmihalyi, Abuhamdeh, & Nakamura, 2005). A way of tailoring tasks to achieve the just-
right challenge is through careful scaffolding. Appropriate scaffolding builds on the current abilities 
and strengths of the child and provides the minimum guidance necessary for the child to advance 
and acquire new skills (Pomerantz et al., 2005). Therapists are able to modify the amount of 
information and support they provide to a child according to the task requirements and the child’s 
abilities. When tasks are optimally structured by the therapist to provide the just-right challenge, 
children inherently use the scaffolding provided to independently extend their skills (Pomerantz et 
al., 2005). The inclusion of complexity, novelty, and fun within a structured therapy session is also 
important for supporting children’s mastery motivation and engagement in therapy. Clinicians 
might enrich therapeutic environments with activities that not only offer moderate challenges, but 
are also interesting, novel and arouse children’s curiosity. For children in the hCIMT treatment 
group, UL training was embedded within a circus-themed day-camp. For 2 hours each day children 
learnt and practised circus tricks that required them to use their impaired UL as either the dominant 
hand (during mCIMT) or as an assisting hand (during BIM). Additionally, individualised goals, 
such as independently doing buttons and shoelaces or throwing and catching a ball were 
incorporated into the circus theme through practising dressing in circus costumes and juggling balls, 
respectively. In this way clinicians were able to encourage children participating in the circus day-
camp to pursue novel and interesting options within therapy and approach problems in occupational 
performance as exciting challenges to be mastered. Novelty and fun also acted as a buffer to the 
challenges and frustrations experienced by children during the more intrusive mCIMT phase of the 
UL intervention (Gilmore et al., 2010). 
Process-focused feedback. Through the provision of process-focussed feedback, clinicians 
can emphasise the effort and learning demonstrated by children thereby supporting their mastery 
motivation (Gottfried, Fleming, & Gottfried, 1994). Feedback that is process-focussed accentuates 
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the effort a child demonstrates during mastery attempts and focusses on how hard the child is 
trying, rather than the outcome (Pomerantz et al., 2005). Through process-focussed feedback, a 
child learns to attribute successful mastery attempts to the amount of task-directed effort and 
persistence (mastery motivation) they displayed during the task rather than innate ability (Schunk & 
Pajares, 2005). This supports children’s willingness to continue to persist with challenging tasks 
and resilience in the face of failure. In comparison, outcome or person-focussed feedback may 
undermine children’s mastery attempts, as successful performance is attributed to underlying ability 
and failure to perform is considered to be the result of incompetence (Pomerantz et al., 2005).  
Within paediatric rehabilitation, families are considered experts in the knowledge of their 
child and family experiences (Rosenbaum, King, Law, King, & Evans, 1998). Experienced 
clinicians working in motor rehabilitation can use both enabling and customising strategies, such as 
those discussed, to promote engagement and success in therapy, optimise therapy outcomes, and 
enhance children’s participation in meaningful life activities. These strategies utilised by clinicians 
in the context of therapy are equally applicable and transferable to the home environment. 
Clinicians are able to model these strategies to parents within the context of therapy interventions as 
a means of encouraging generalisation in the home environment and ecologically meaningful 
contexts. The capacity of families to embed such strategies within the family environment may, 
however, be impacted by family resources. 
10.4.3 Family ecology: How parenting styles influence mastery motivation.  
The elucidation of parenting style as an influential factor impacting the development of 
children’s willingness to persist with challenging tasks across cognitive, motor, and social domains 
is a significant finding of this thesis because of its clinical implications within rehabilitation 
settings. Contemporary motor rehabilitation utilises a family-centred approach to intervention 
(Rosenbaum et al., 1998), however, families may require additional support to ensure success of 
therapy programs and optimise therapy outcomes for their child. To date, specific parenting support 
to develop effective parenting behaviours and practices is typically only provided when the child 
exhibits behavioural and emotional problems concomitantly with motor impairments (Sanders, 
Mazzucchelli, & Studman, 2004). Findings of our cross-sectional study exploring the relationship 
between mastery motivation and individual and environmental factors has resulted in an increased 
awareness of the need to support and promote consistent and positive parental disciplinary 
practices, regardless of the presence of emotional and/or behavioural problems, to enhance a child’s 
mastery motivation and persistence with difficult tasks. In this study, parents who utilised a 
parenting style that embraced a balance of responsivity with demandingness, were supportive of 
their children’s Autonomy, and displayed consistency in discipline practices had children who 
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demonstrated greater persistence with challenging tasks and an increased willingness to persevere 
even in the face of failure.  
Upper limb interventions for children with CP typically require children to set mastery goals 
based on skills, tasks, and activities they find challenging but still wish to master. The findings of 
this thesis suggest for children to experience optimal therapy outcomes, they require a strong 
internal drive to persist in the face of challenge. In order to develop skills and master tasks required 
for participation in meaningful life activities, children must overcome or adapt to the challenges and 
difficulties faced due to impairment of body structures and functions. If early parenting styles 
impact the development of children’s tenacity, clinicians need to consider working with parents 
early in their child’s development and throughout the rehabilitation process to promote the 
development of mastery motivation in order to optimise therapy outcomes. Within an early 
intervention framework, clinicians can provide parents with the necessary support to enable 
generalisation of strategies learnt in therapy to the home environment. In addition, some parents 
may require particular assistance to help them understand how their parenting practices and family 
environment may enhance or hinder their child’s willingness to persist with challenging tasks. This 
becomes particularly important when considering the use of home programs as a mechanism for 
delivering contextually relevant UL interventions (Novak, 2011; Novak et al., 2009).  
10.4.3.1 Supporting parents to enhance children’s mastery motivation.  
Two strategies may be useful for clinicians to utilise with caregivers of children with CP: (1) 
structured parenting interventions (Sanders & Dadds, 1993) and (2) Occupational Performance 
Coaching (Graham, Rodger, & Ziviani, 2009). There is a growing body of evidence to support the 
use of parenting interventions such as Triple P Stepping Stones (Sanders et al., 2004), to improve 
child behavioural outcomes in children with developmental disabilities and more recently, children 
with CP (Whittingham, Sanders, McKinlay, & Boyd, 2014). The first RCT investigating the impact 
of parenting interventions on behavioural outcomes for children with CP showed that Triple P 
Stepping Stones (Sanders et al., 2004) combined with Acceptance Commitment Therapy (Hayes, 
Strosal, & Wilson, 2003) decreased dysfunctional parenting styles of caregivers and decreased child 
behavioural problems (Whittingham et al., 2014). In this doctoral program, ineffective and 
inconsistent parenting styles were related to decreased persistence in children with congenital 
hemiplegia. A willingness to persist with challenging tasks was then found to predict superior 
occupational performance outcomes following intervention. Parenting styles in this study, however, 
were not directly predictive of outcomes. It is plausible the mechanism through which parenting 
style may impact children’s achievement of functional outcomes is through processes associated 
with children’s mastery motivation. Given the ability of parenting interventions to positively 
influence the parenting styles of caregivers of children with CP (Whittingham et al., 2014), 
175
  
implementation of these programs more broadly across all families of children with CP (rather than 
just those of children with behavioural and/or emotional problems) may positively influence 
children’s mastery motivation and potentially improve functional outcomes.  
Another potentially useful strategy for clinicians to utilise with caregivers of children with 
CP is Occupational Performance Coaching (OPC) (Graham et al., 2009; Novak, 2014). 
Occupational Performance Coaching assists caregivers to support their child’s successful 
engagement in occupational performance through the recognition and implementation of physical 
and social environmental changes (Graham et al., 2009). There is high quality evidence that parent 
coaching is effective in improving the academic performance of children at risk of motor delay 
(Novak, 2014). To date, its use in children with CP has been limited to a single study utilising a 
motor learning coaching approach to improve motor outcomes (Bar-Haim et al., 2010). As child-
caregiver interactions and the family environment play an important role in the development of 
children’s mastery behaviours (Hauser-Cram et al., 2001; Miller, Ziviani, Ware, et al., 2014b), 
clinicians may consider utilising an OPC approach to assist caregivers develop skills and strategies 
to support their children’s mastery motivation and optimise occupational performance.  
10.5 Study Limitations and Generalisability  
This research study utilised sound measurement tools within a well-constructed RCT. As 
with all research, a number of study limitations have been identified and require consideration. 
Limitations relevant to each sub-study have been discussed in the individual manuscripts 
comprising Chapters 5 to 9. An overview of these limitations is outlined below. 
10.5.1 Homogeneity of study sample. 
Study participants were MACS and GMFCS levels I and II, which, although limiting 
applicability of findings to more diverse populations across the spectrum of severity of CP, were 
representative of a population of school-aged children with congenital hemiplegia engaged in goal-
directed UL interventions. The generalisability of results obtained from the studies comprising this 
thesis is therefore limited to a similar, representative population of school-aged children with 
congenital hemiplegia. Within this study population there was, however, a high degree of variability 
in quality of impaired UL movement (MUUL) and bimanual performance (AHA), which supports 
generalisability of findings to children with hemiplegia across differing levels of UL capacity and 
performance.  
10.5.2 Sample size. 
Although sample size and/or power calculations for each of the studies included in this 
thesis were adequate and have been reported in each paper, the COMBiT trial did not meet 
sufficient sample size to adequately power the RCT (see Appendix 15). Nevertheless, significant 
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relationships were identified for the combined treatment groups in the cross-sectional and cohort 
studies comprising this thesis (Chapters 5 through 9). In a larger sample size, additional analyses 
may have been conducted on individual treatment groups rather than combining group data. As 
such, greater significant differences in results may have been established for the results in each 
study, and further interpretation of findings may have been possible. A larger sample size would 
also have enabled more detailed mediation analysis of the effect of children’s motivation on the 
efficacy of UL interventions. Sample size considerations are particularly important with regard to 
the final study exploring engagement in therapy. It is possible significant relationships between 
children’s motivation and engagement in therapy may have been identified for the SC group in a 
larger study sample. To the author’s knowledge, this is the first study to assess mastery motivation 
and occupational performance outcomes specifically in school-aged children with congenital 
hemiplegia. Previous studies in a similar population are therefore not available to confirm or 
compare study results. Due to adequately powered studies (80% power, alpha 0.05) comprising this 
thesis, however, results can be considered to represent meaningful conclusions. Further research in 
this area would contribute to validation of these findings. 
10.5.3 Respondent bias. 
The cross-sectional and cohort studies comprising this thesis relied exclusively on parental 
report to measure children’s mastery motivation and parenting styles. Limitations in parent proxy-
reports and self-report instruments are acknowledged. The DMQ parent proxy-report’s score 
captures a parent’s perception of his/her child’s mastery motivation. In experimental settings using 
structured tasks to measure children’s motivation, children with developmental disabilities have 
been reported to have levels of motivation similar to that of mental age-matched peers (Gilmore & 
Cuskelly, 2011). In comparison, parent proxy-reports of motivation have been less favourable 
(Gilmore, Cuskelly, & Hayes, 2003). Parent responses to questionnaires could be influenced by 
underlying factors (such as parent mental health and/or distress) not investigated in this study. 
Infant’s persistence with tasks is known to be influenced by maternal depression (Redding et al., 
1990) and infants of mothers with elevated stress levels tend to show lower levels of mastery 
motivation in toddlerhood (Sparks, Hunter, Backman, Morgan, & Ross, 2012). Additionally, 
parents under stress often report their children as more difficult (Mantymaa, Puura, Luoma, 
Salmelin, & Tamminen, 2006).  
The decision to choose the DMQ parent proxy-report rather than child self-report was 
related primarily to greater evidence of the psychometric properties of the DMQ parent proxy-
report as identified in the systematic review (Miller, Ziviani, & Boyd, 2014). In addition, the 
younger age of many of the participants in this study raised questions regarding the validity and 
reliability of the DMQ child-self report. Discrepancies in the parents’ versus child’s perceptions of 
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mastery motivation as found in the parent-concordance study (Miller, Marnane, et al., 2014), may 
be attributed to different response styles, with children providing more extreme response scores and 
a tendency to focus on single and/or recent events only (Davis et al., 2007). Younger children tend 
to report on more immediate memories e.g., “I tried hard on that puzzle today at kindy” rather than 
making a measured response based on their behaviour over a longer time frame. As the study 
required a measure of children’s motivational disposition over time and across a variety of 
occupational performance areas, it was deemed the DMQ parent proxy-report would provide a more 
accurate representation of the child’s mastery motivation. The use of the DMQ parent proxy-report 
is also consistent with previous studies measuring motivation of children with CP using the DMQ 
(Majnemer et al., 2008; Majnemer, Shevell, et al., 2010; Majnemer et al., 2007; Majnemer, 
Shikako-Thomas, et al., 2010; Majnemer et al., 2013).  
10.5.4 Collaborative goal-setting. 
Collaborative goal-setting is considered a fundamental component of motor rehabilitation in 
children with CP (Löwing et al., 2009; Øien, Fallang, & Østensjø, 2010). The active involvement of 
caregivers in the goal-setting process, however, requires consideration. In this study, inclusion of 
parents in goal-setting and scoring of the COPM was primarily related to age of children 
participating in the study. The COPM recommends children less than 8 years of age require 
assistance from a caregiver when completing performance and satisfaction scores (Law et al., 
2005). Parents’ feelings of competency and partnership with professionals are known to be 
enhanced through collaborative goal-setting (Øien et al., 2010), however, children’s Autonomy and 
motivation to persist with goals may have been undermined by parental involvement in the goal-
setting process. 
10.5.5 Treatment group allocation. 
Random allocation to the hCIMT treatment group was met with much enthusiasm and 
excitement due to the circus-themed day-camp. In comparison, children who were randomised to 
SC were initially disappointed. Once therapy commenced, however, children (and their caregivers) 
were pleased to be participating in 1:1 intervention with the treating occupational therapist, parents 
and children anecdotally reporting participation in SC to be beneficial. The initial disappointment to 
the allocation of SC, however, must be considered when evaluating children’s engagement in 
therapy. Although all children in SC had the opportunity to participate in a week-long circus-
themed day-camp following the completion of 26 weeks assessments, a full cross-over design may 
have reduced the initial disappointment experienced by children and supported their engagement in 
SC.  
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10.5.6 Unexplained variances. 
Caregivers of children participating in hCIMT anecdotally reported benefits above and 
beyond those measured in the RCT. These included networking with other families, information 
sharing, development of friendships extending beyond the camp, emotional and social support 
(sharing travel to and from the camp; sharing experiences) and inclusion of extended family 
members in the intervention (invitation to the circus concert). In addition, the multivariable models 
reported in Chapters 6, 7 and 8 also identified unexplained variances. It can be assumed that factors 
not measured in this research project may have contributed to children’s mastery motivation and 
occupational performance outcomes following intervention. Inclusion of other child and 
environmental factors such as intellectual ability, child behaviour, parenting stress and aspects of 
the therapeutic environment may have more fully explained the variation in findings.  Intellectual 
quotient, adaptive behaviour, communication skills and difficulties with hyperactivity and 
inattention have been reported to be associated with children’s mastery motivation (Majnemer et al., 
2010). Broader consideration of child and environmental factors, including psychosocial well-being 
and mental health problems (Parkes et al., 2008) should therefore be included in future research. 
10.6 Recommendations for Future Research  
The findings of this doctoral program present new evidence and direction for understanding 
the impact of contextual factors on outcomes of UL rehabilitation for children with congenital 
hemiplegia. Additionally, a solid foundation for future research to examine children’s mastery 
motivation and engagement in therapy as a mediator of treatment efficacy has been established. 
This study specifically sought to understand the impact of mastery motivation on 
occupational performance in school-aged children with congenital hemiplegia rather than a younger 
sample of children. This decision was made due to the nature of goal-directed UL interventions for 
school-aged children that focus on acquisition and mastery of skills necessary for independent 
functioning and participation in an increasing number of occupations. Future research is 
nevertheless warranted to investigate mastery motivation in a younger population of children with 
congenital hemiplegia. Longitudinal examination of the development and progression of children’s 
mastery motivation in this population would enable greater understanding of how mastery 
motivation could be enhanced in children with congenital hemiplegia throughout childhood 
development and in consideration of developmental abilities. This would enable clinicians and 
parents to utilise strategies to support mastery motivation in children with congenital hemiplegia 
from a younger age and potentially improve reduced goal-directed task persistence and increased 
negative reactions to failure frequently observed in this population.  
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Although collecting perspectives about performance or behaviour from different individuals 
is a challenging task, it is acknowledged that gathering perspectives from both children and their 
caregivers is equally informative and is therefore recommended in future research. Objective 
observation of children’s mastery motivation in different contexts using standardised protocols 
similar to those utilised in studies of infants and toddlers (Morgan et al., 1992) would also be an 
important methodological improvement to the assessment of school-aged children’s mastery 
motivation. Future studies of children’s mastery motivation may also consider utilising measures of 
general cognition and cognitive functioning (e.g., assessments of intellectual quotient) and 
emotional/behavioural measures (e.g., Child Behaviour Checklist and Strengths and Difficulties 
Questionnaire), as these factors may also be impacting mastery motivation. To gain an objective 
measure of parenting styles, observations of parent-child interactions are also an important 
consideration in further investigations. 
Further research is required to progress the development of psychometrically sound 
assessment tools for measuring children’s mastery motivation alongside the concurrent 
development of measures of children’s engagement in therapy. The DMQ is currently in its 17th 
revision and this has impacted the ability to compare studies of children’s motivation over time. 
Furthermore, the DMQ is limited by its poor parent-child concordance and utility with younger 
children. A measure of school-aged children’s motivation that has the capacity to examine observed 
motivational behaviours when engaging in challenging tasks in addition to children’s perceived 
motivation is warranted. The development of an assessment tool, specifically designed to measure 
children’s engagement in therapy, is also required. A recent review of child and parent engagement 
in mental health interventions identified a need for an integrative conceptual approach to understand 
engagement (King et al., 2014). This is also required within UL rehabilitation interventions to better 
understand how children’s engagement in therapy impacts therapy outcomes and participation in 
meaningful life activities.  
Children’s self-selection of goals is considered to enhance Autonomy and motivation to 
practise skills necessary for goal achievement (Vansteenkiste, Simons, Lens, Soenens, & Matos, 
2005). As such, it is recommended for future research that opportunities for children, including 
young children, to negotiate their own goals within interventions should be explored. Videotaping 
performance of goals at each relevant time point in longitudinal research studies and pre/post 
intervention in clinical practice may assist children to more accurately reflect on occupational 
performance and goal attainment over time.  
As discussed, the use of parenting interventions such as Triple P Stepping Stones, combined 
with ACT and/or Occupational Performance Coaching (OPC) as an integral component of early 
intervention in motor rehabilitation programs, requires exploration and evaluation. Triple P 
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Stepping Stones combined with ACT, has been shown as an effective strategy to modify parenting 
styles and practices in children with CP with behavioural and/or emotional difficulties 
(Whittingham et al., 2014). Exploration of these parenting interventions within the context of motor 
rehabilitation for children would be beneficial. Additionally, the use of OPC with mothers has been 
shown to be a valuable strategy for enhancing the occupational performance of typically developing 
children (Graham, Rodger, & Ziviani, 2013) and children with Autism Spectrum Disorders (Foster, 
Dunn, & Lawson, 2013). Utilising an approach such as OPC for children with CP and their 
caregivers may support rehabilitation efforts and investigation of its efficacy in this population is 
warranted. 
Finally, the use of motivational interviewing to achieve behavioural change in the context of 
UL rehabilitation requires investigation. In addiction studies, motivational interviewing is known to 
have a synergistic effect when combined with other treatment programs (Hettema, Steele, & Miller, 
2005; Miller & Rose, 2009). Its use in broader populations (e.g., diabetes management, cardiac 
rehabilitation) has also yielded positive results (Miller & Rose, 2009). Motivational interviewing 
has recently been utilised in a study of children with CP aimed at improving physical activity (Van 
Wely, Balemans, Becher, & Dallmeijer, 2013), however its potential to improve child motor 
outcomes in UL rehabilitation has not yet been explored. 
10.7 Conclusions 
The key findings of this doctoral project provide unique and valuable insights into the 
important role mastery motivation plays in individualised outcomes following UL intervention in 
school-aged children with congenital hemiplegia. Furthermore, the critical role of family ecology in 
supporting children’s mastery motivation has been identified and the influence of the therapeutic 
environment on engagement in therapy examined. The findings of this research suggest clinicians 
can play an important role in determining the optimal UL intervention plan, based not only on 
evidence-based UL treatment approaches and protocols, but also in consideration of individual child 
characteristics and environmental factors. Supporting families to create environments which foster 
children’s persistence, facilitate independent problem solving, and enable participation in 
meaningful life activities may now be considered an important component of UL rehabilitation 
efforts. 
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Queensland Cerebral Palsy and Rehabilitation Research Centre 
Level 7, Block 6, Royal Brisbane and Women’s Hospital 
Herston Rd, Herston, Australia 4029 
Telephone (07) 3636 5542 
Facsimile (07) 3636 5538 
Web  www2.som.uq.edu.au/som/research/researchcentres/qcprrc/ 
PARENT/GUARDIAN INFORMATION STATEMENT 
AND CONSENT FORM
HREC Project Number:  HREC/11/QRCH/37 
Project Title: 
Chief Investigators: 
Associate 
Investigators: 
COMBiT: Randomised trial of novel upper limb rehabilitation in 
hemiplegia. 
Professor Roslyn Boyd, Professor Jenny Ziviani, Dr David Abbott, 
A/Professor Stephen Rose, Professor Richard Macdonell, Dr Leanne 
Sakzewski 
Professor Graeme Jackson, Dr Martin Sale, Dr Robert Ware, Mrs Kerry 
Provan, Dr Andrea Guzzetta, Ms Deb Kahn, Dr Priya Edwards, Dr Lisa 
Copeland, Professor Alan Coulthard, Ms Laura Miller, Ms Joanne Bowden, 
Ms Katherine Dare, Ms Emmah Baque, Ms Kerry Marnane 
Thank you for taking the time to read this Information Statement.  This Information Statement and Consent Form is 
9 pages long.   
Please make sure you have all the pages.  For people who speak languages other than English: If you would also 
like information about the research and Consent Form in your language, please ask the person explaining this 
project to you. 
You are invited to participate in a research project that is explained below. 
What is an Information Statement? 
These pages tell you about the research project.  It explains to you clearly and openly all the steps and procedures 
of the project.  The information is to help you to decide whether or not you would like your child to take part in the 
research. 
Please read this Information Statement carefully.  You can ask us questions about anything in it.  You may want to 
talk about the project with your family, friends or health care worker.  
Participation in this research project is voluntary.  If you don’t want your child to take part, you don’t have to.  You 
can withdraw your child from the project at any time without explanation. 
Once you have understood what the project is about, if you would like your child to take part please sign the 
consent form at the end of this information statement.  You will be given a copy of this information and consent 
form to keep. 
1. What is the research project about?
Hemiplegia is the most common form of cerebral palsy. It affects one side of the body. Many children with 
hemiplegia attend regular school but have difficulties using their impaired arm and hand in everyday activities. This 
can limit their participation at school, at home, and in the community.  It can also affect their quality of life.  
The overall aim of the project is to compare two treatment methods of upper limb training for children with 
hemiplegia.  Both treatments aim to improve arm and hand skills.  
• Treatment 1: Constraint Induced Therapy and Bimanual Training (COMBiT) combines two treatment
approaches.  The first, constraint induced movement therapy, involves restraining the unimpaired “good
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hand” in a glove-like splint to allow intense training and practice of skills on the affected side. The second 
treatment is bimanual training which encourages the use of both hands in two handed activities. 
• Treatment 2: Individually tailored occupational therapy/physiotherapy sessions.
This project has two phases.  Phase 1 is the treatment component.  Phase 2 is the neuroscience component. 
In Phase 1 we plan to provide either two weeks of daily treatment in groups of 12-14 children (45 hours direct and 
10 hours indirect training) or individually tailored therapy sessions for 1.5 hours per week over 6 weeks ( 9 hours of 
direct therapy session and 12 weeks of 30 mins practice over 6 days per week  for home program development 
and review, total 45 hours ). We will do some assessments before and after the treatment.  The assessments will 
be about your child’s hand and arm skills, participation at school, home and in the wider community, and quality of 
life.   
In Phase 2 we want to find out how your child controls his/her hand movements by performing two tests before and 
after the treatment. We hope to find out if one treatment has a greater effect on brain function than the other.  The 
tests are: 
• Functional Magnetic Resonance Imaging (fMRI). This shows the parts of the brain that are active by
measuring blood flow when you move your hand.
• Transcranial Magnetic Stimulation (TMS).  This measures which side of the brain controls each hand.
There is no x-ray radiation involved with either test. 
In total 52 children with hemiplegia aged between 5 and 16 years, will take part in Phase 1 of the project. We hope 
that 40 children with hemiplegia aged 8-16 years, who are enrolled in Phase 1, will also take part in Phase 2.  
If our research shows that one treatment is better than the other, this will help us, and others, to offer a better 
rehabilitation program for children with hemiplegia. 
2. Who are the researchers?
The researchers work at the Royal Children’s Hospital in Brisbane, or at the Melbourne Brain Research 
Institute, Florey Neurosciences, Austin Hospital in Melbourne. 
• Professor Roslyn Boyd is a paediatric physiotherapist. She is the Scientific Director of the Queensland
Cerebral Palsy and Rehabilitation Research Centre at the Royal Children’s Hospital. 
• Professor Jenny Ziviani is a paediatric occupational therapist who works at the Royal Children’s and
Mater Children’s Hospitals, Brisbane. 
• Dr David Abbott is Physicist and Researcher at the Florey Neurosciences Institute in Melbourne.
• Associate Professor Stephen Rose is an expert at neuroimaging at the University of Queensland
Centre for Clinical Research, Brisbane.
• Associate Professor Richard Macdonell is a Neurologist and expert in TMS.  He works at the Brain
Research Institute in Melbourne and in the Department of Neurology at Austin Health.
• Dr Leanne Sakzewski is an occupational therapist. She works for the Queensland Cerebral Palsy and
Rehabilitation Research Centre in Brisbane.
• Professor Graeme Jackson is a neurologist and expert in medical imaging from the Florey
Neurosciences Institute, Melbourne.
• Dr Radwa Badawy is an expert in TMS analysis from Florey Neurosciences Institute, Melbourne.
• Dr Robert Ware is a biostatistician at the University of Queensland who will assist with analysis of data
from the study.
• Mrs Kerry Provan is an occupational therapist with extensive experience in clinical and research trials.
She will  perform the assessments and intervention programs.
• Dr Andrea Guzetta is an neurologist who will assist with analysis of the MRI scans and fMRI data
• Ms Deb Kahn is a senior occupational therapist at the Queensland Cerebral Palsy Health Service who
will undertake assessment prior to botulinum toxin injections and coordinate individualised standard
therapy.
• Dr Priya Edwards and Dr Lisa Copeland are paediatric rehabilitation specialists who will provide
intramuscular botulinum toxin A injections through regular clinics at Queensland Cerebral Palsy Health
Service at the Royal Children’s Hospital.
• Professor Alan Coulthard is the Director of Medical Imaging at the Royal Brisbane and Women’s
Hospital where the fMRI’s will be performed.
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• Ms Laura Miller is an experienced paediatric occupational therapist and PhD scholar who will
participate in the study, including assessments and treatments.
• Ms Joanne Bowden is an experienced paediatric occupational therapist who will coordinate the study.
• Ms Katherine Dare, Ms Emmah Baque and Ms Kerry Manane are undergraduate physiotherapy and
occupational therapy Honours students who will assist with data collection and interventions.
3. Why is my child being asked to be in this research project?
We are asking your child to take part because he/she: 
• Is aged between 5 and 16 years old
• Has hemiplegia
• Does not have uncontrolled epilepsy
• May be able to cope with the research procedures for the Phase 2 Neuroscience component
4. What are my child’s alternatives to taking part in this project?
Your child does not have to take part in this project if you do not want them to.  If your child does not take 
part, it will not affect his/her access to care and treatment at the Royal Children’s Hospital. 
Your child is able to take part in the Phase 1 treatment component of this research project, but does not 
have to take part in the Phase 2 neuroscience component if you do not want them to.  If your child does not 
take part in Phase 2 it will not affect their participation in the Phase 1 treatment component. 
5. What does my child need to do to be in this research project?
Phase 1: treatment component. 
Your child will be allocated to one of the treatment groups – the Constraint Induced Therapy and Bimanual 
Therapy (COMBiT) group or to individually tailored occupational therapy/physiotherapy sessions. This will be 
decided by chance, similar to a toss of a coin.  Neither you nor the researchers can decide what treatment 
group your child is in.  
COMBiT is a group program and will be run over 2 weeks.  It will be run over two weeks in the school 
holidays or one week will be in the school holidays and one week on either side of the school holidays.  The 
first week will be constraint induced movement therapy (CIMT) which will be run for 6 hours per day, Monday 
to Friday from 9am to 3.00pm.  During this week, your child will wear a specially constructed splint on his/her 
non-impaired hand for the 6 hours of the program.  A “glove like splint” will be made for your child at the first 
visit. Your child will be able to remove it for toileting, but will wear the splint for most of the time during the 
day camp.  Therapy will involve specific practice and repetition of activities to improve arm and hand skills. 
The second week will involve bimanual training (BIM) which will also be for 6 hours per day, Monday to 
Friday from 9am to 3.00pm. During the BIM week, your child will do activities to encourage the use of both 
hands.  Overall your child will receive 45 hours of direct upper limb training and 10 hours of indirect training 
(e.g. lower limb, balance). The camp will be run in collaboration Flipside Circus in Brisbane.  Trainers from 
the Flipside Circus will assist with the circus activities in the camp.  Information will be collected during the 
camps about what activities are done and how often. In total COMBiT will give 60 hours of therapy. 
Individually tailored occupational therapy/physiotherapy sessions will be provided for 1.5 hours per 
week for 6 weeks (6 x one hour therapy sessions and 0.5 hours for home program review).  You and your 
child will need to identify 3 important goals to work on during your child’s sessions.  The individually tailored 
sessions will focus on your goals and improving your child’s arm and hand skills.  The first 1  hour of your 
child’s individual therapy session will work on improving his/her hand and arm skills, the last ½ hour will be to 
create and regularly review a home program for your child to work on at home.  We aim that your child does 
his/her home program for 30 minutes per day, six days per week for 12 weeks (total dose 45 hours therapy).  
After the first six weeks of therapy, your child’s therapist will ring you every week for the remaining six weeks 
of the home program to see how your child is going and change the program if required.  Therapy will be 
provided at the Royal Children’s Hospital or in your local community. 
You and your child will need to come to the Royal Children’s Hospital or the University of Queensland, St 
Lucia for 4 sessions for assessments over a one year period.  The first may be for a screening assessment if 
eligibility for the study needs to be determined.  The second may be before the first treatment program when 
your child will also receive his/her Botulinum toxin A injections if he/she requires them.  Approximately two 
weeks after this, your child will start therapy, either COMBiT or individually tailored occupational 
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therapy/physiotherapy.  At the end of treatment, at 13 weeks, your child will have a further assessment, then 
at 26 weeks.  Your child will need to come to the Royal Children’s Hospital of the University of Queensland, 
St Lucia for his/her assessment sessions.  These assessments will be done by an Occupational Therapist 
and Physiotherapist. The assessment sessions will take about 2½ hours.  Children who are allocated for 
individually tailored therapy sessions will be offered a COMBiT camp once the study is completed. 
Phase 2: neuroscience component. 
We would like your child to have 3 fMRI and 3 TMS tests at the Queensland Brain Institute on a 3T scanner. 
The table below describes when these tests will occur.   
What is MRI? 
MRI stands for magnetic resonance imaging.  A MRI scanner is a machine that uses electromagnetic 
radiation (from strong magnets) to take clear pictures of the inside of the body.  Electromagnetic radiation is 
not the same as ionising radiation used, for example, in X-rays.  The pictures taken by the machine are 
called MRI scans. 
We will ask your child to lie on a table inside the MRI scanner.  The scanner will record information about 
your child’s brain.  It is very important that your child keeps very still during the scanning.  When your child 
lies on the table we will make sure they are in a comfortable position so your child can keep still.  The 
scanner can be very noisy and we can give your child some earphones to reduce the noise. 
Functional MRI (fMRI) uses the same scanner.  During the scan, we will ask your child to do some 
movement tasks with their hand.  It is very important that your child lies completely still as even one 
millimetre of head movement causes blurring of the scans. To help keep your child’s head still we will place a 
vacuum beanbag under their head with a velcro strap across their forehead.  One parent and a member of 
the research team can stay with your child at all times.  We are also in continuous communication with them 
via a two-way intercom system.  The test should take about 1- 1 ½ hours to complete, but only 30-45 
minutes of this time will be spent inside the scanner. The MRI will be done at the Queensland Brain Institute 
at St Lucia or the University of Queensland Centre for Clinical Research at Herston, Brisbane. 
What is Transcranial Magnetic Stimulation (TMS)? 
The TMS test involves your child sitting very still in a chair.  The TMS involves the delivery of a pair of stimuli 
to the brain using a brief duration magnetic field (similar to that used in an MRI test) performed using a coil 
held over the top of their head. The stimulation will produce a slight twitch in a hand muscle. The twitch will 
be recorded using metal discs attached to the skin. In addition to this twitch, your child will be aware of a 
slight contraction of scalp muscles and will hear a click from the coil.  Initially we will start stimulation at a low 
intensity and gradually increase it to find the minimum stimulus needed to activate the brain (threshold 
stimulus).  The test should take about 1- 1 ½ hours to complete. 
At your child’s first visit, we will explain the fMRI test and your child will have a chance to practice in the 
“mock scanner”.  The mock scanner is not a real MRI scanner.  We will ask your child to practice lying still in 
the small space.  We will give you a training video to take home for your child to watch.  This will help your 
child get used to the noise of the scanner.  At the first visit, we will also explain the hand movement tasks 
your child needs to do during the scanning and we will measure your child for some resting hand splints. 
The fMRI and the TMS tests can be done on the same day as the Phase 1 assessments however we will 
give your child a break in between the fMRI and the TMS. If you prefer we can do the Phase 2 tests on 
separate days. If you have to travel some distance, there is provision to stay overnight at our expense near 
the hospital 
Your child can bring a favourite video to watch during the fMRI and TMS tests, or they can select from the 
ones we have available. We can provide a refreshment or you can go to the café close by for a refreshment 
break. 
The following table shows the times and activities for Phase 1 assessments and Phase 2 tests: 
Assessments/tests to be performed 
Visit 1: Screening 
assessment. 
To assess suitability for the study and for the fMRI.  To practice in the mock 
scanner. 
Visit 2: Baseline 
assessment and 
Botulinum toxin A 
injections if required 
(approx two weeks 
before therapy) 
• Phase 1: Impairment and functional assessments, grip strength, hand
sensation, Melbourne Assessment of Upper Limb Function, Assisting
Hand Assessment, Jebsen Test of Hand Function, Box and Blocks Test,
Canadian Occupational Performance Measure, (1 hour).
• Phase 1: Study questionnaires, participation measures (Assessment of
Life Habits) and quality of life questionnaires (Cerebral Palsy Quality of
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Life Questionnaire, The Triple P Parenting Scale (can be done at home 
and brought to appointment for checking), Dimensions of Mastery 
Questionnaire, Children’s Hand Use Experience Questionnaire (1 hour).  
• Phase 2: Functional MRI test (1 to 1½ hours)
• Refreshment break or overnight stay
• Phase 2:TMS test (1- 1 ½ hours)
• Assessment for and injections of Botulinum toxin A to your arm/hand (may
be done at separate time)
• Video footage will be taken during assessment sessions
Treatment Groups Either 
a) COMBiT for 10 days over 2 weeks – Monday to Friday 9am-3.00pm
OR 
b) Individually tailored occupational therapy/physiotherapy for 1.5 hours
per week for 6 weeks ( 1 hour therapy sessions and 0.5 hours for home
program review and upgrade) and a home program for 30 minutes per
day for 6 days per week over 12 weeks.
c) Pediatric Volitional Questionnaire (video footage will be taken during
treatment sessions)
• Phase 1: Post intervention interviews with parents and children for
children at the end of COMBiT camp
Visit 3: at 13 weeks 
after you started your 
therapy 
• Phase 1: Impairment and functional assessments, grip strength, hand
sensation, Melbourne Assessment of Upper Limb Function, Assisting
Hand Assessment, Jebsen Test of Hand Function, Canadian
Occupational Performance Measure, (1 hour).
• Phase 1: Participation measures (Assessment of Life Habits), and quality
of life questionnaires (Cerebral Palsy Quality of Life Questionnaire,
Children’s Hand Use Experience Questionnaire (will done at home and
brought to appointment for checking) (1 hour).
• Phase 1: Post intervention interviews with parents and children
• Phase 2: Functional MRI test (1 to 1½ hours)
• Refreshment break or overnight stay
• Phase 2:TMS test (1- 1 ½ hours)
Visit 4: 6 months after 
you started your 
therapy 
• Phase 1: Impairment and functional assessments, grip strength, hand
sensation, Melbourne Assessment of Upper Limb Function, Assisting
Hand Assessment, Jebsen Test of Hand Function, Canadian
Occupational Performance Measure, (1 hour).
• Phase 1: Participation measures (Assessment of Life Habits), Children’s
Hand Use Experience Questionnaire,  and quality of life questionnaires
(Cerebral Palsy Quality of Life Questionnaire (will done at home and
brought to appointment for checking) (1 hour).
• Phase 2: Functional MRI test (1 to 1½ hours)
• Refreshment break or overnight stay
• Phase 2:TMS test (1- 1 ½ hours)
Assessment Measure Descriptions 
1) Neuroimaging tests:
a. Whole-brain functional MRI studies (fMRI): is a non-invasive procedure that measures the
haemodynamic response (change in blood flow) related to neural activity in the brain. Subjects
participating in a fMRI experiment are asked to lie still and are usually restrained with soft pads to
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prevent movement from disturbing measurements. Children will be habituated to the scanning 
environment and trained to remain still in an MRI simulator by receiving a practice session in a mock 
scanner to prepare them for the fMRI.  
b. TMS: is a non-invasive method of measuring which side of your child’s brain controls his/her hand
2) The Melbourne Assessment of Unilateral Upper Limb Function - is a videotaped measure of your child’s
arm and hand skills.  It will be scored by an independent rater who is not aware of which treatment you have
had.
3) Assisting Hand Assessment – a measure of your child’s skill in using both hands together.  This assessment
will be videotaped then scored by an independent rater.
4) Jebsen-Taylor Test of Hand Function  and Box and Blocks Test- measures of hand dexterity using timed
activities.
5) Children’s Hand Use Experience Questionnaire - a questionnaire that measures how your child uses
his/her hand and arm in everyday activities at home.
6) Dimensions of Mastery Questionnaire – looks at your child’s motivation and how they solve difficult
problems.
7) Pediatric Volitional Questionnaire – is an observational assessment that measures your child’s motivation
and the way they react to and interact with their environment. Observations will occur during therapy sessions
and video footage will be taken at intervals during the treatment phase. It will be scored by an observing
therapist.
8) Canadian Occupational Performance Measure: asks you and your child to identify areas of difficulty in
everyday activities and rate how you feel your child is doing that activity and how satisfied you are with how
they do it.  This helps to identify goals to work on in therapy and see if your child meets his/her goals as a
result of the therapy.
9) Assessment of Life Habits (LIFE-H) is designed to measure life habits in home, school and community as
appropriate. Four categories will be tested: nutrition (mealtimes), personal care (dressing), education and
recreation. There are two versions of this questionnaire, one for 5-13 year olds which is recorded as a parent
report questionnaire.  Older participants will complete the same sections on the Adult version of the Life-H
themselves as it is a self-report tool.
10) Quality of Life: QOL will be measured using either the CPQOL-Child parent report if your child is under 9
years of age, or the CPQOL-Child self-report if they are over 9 years of age. The CPQOL-Teen will be used
for adolescents aged 13-18 years.
11) The Triple P Parenting Scale:  a questionnaire that looks at different ways or styles of parenting
12) Post intervention parent and child interviews: will be conducted at the end of the treatment block. Video
footage of the treatment sessions will be discussed with parents and children to explore your child’s motivation
in the sessions and the way they react to and interact with their environment.
13) Study questionnaire: a general questionnaire that asks you demographic, health and environmental
information about your child and your family.
Assessments 4 and 6 will be completed twice to investigate the reliability of these measures. 
6. What are the possible benefits for my child?
Your child will receive either a group based or individualized therapy  Regardless of the group your child is 
in, he/she is likely to see improvements in his/her arm and hand skills and work towards achieving his/her 
goals.  Your child will have up to date assessment information about his/her arm and hand skills, activity 
performance, participation and quality of life.  This may be useful for future therapy planning. 
The fMRI and TMS tests will have no direct benefit to your child, but they may help us to understand how the 
treatment works and whether children with certain types of lesions respond differently or better to others.  
7. What are the benefits for other people in the future?
We hope that the results of our project will help other children with hemiplegia and their families in the future.  
If we find that one form of treatment has a better and longer lasting effect on hand and arm skills, and quality 
of life, it may change the way we provide treatment.  Better outcomes for upper limb rehabilitation, may 
improve children’s ability to participate in a range of new activities, and reduce the burden of care on 
families/caregivers.   
8. What are the possible risks, side-effects and/or discomforts?
We do not expect that there will be any risks or side effects from either treatment (COMBiT or individually 
tailored occupational therapy/physiotherapy sessions) in Phase 1 of the project.  There is a small risk of 
hand weakness following intramuscular injections of Botulinum toxin A, however we expect that either 
therapy will counteract that possible effect. 
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Phase 2 tests: 
The noise during the fMRI test can be loud but we use high-quality headphones to reduce the noise to safe 
levels.  Keeping still during the fMRI is important, so we will use velcro strapping to keep your head still - this 
can be a little uncomfortable after 30-45 minutes of scanning.   
Functional Magnetic Resonance Imaging (fMRI) 
There are no known health risks associated with the magnetic radiation in MRI scans.  MRI is considered a 
safe procedure when performed at a centre with appropriate guidelines.  However, the electromagnetic 
attraction for some metal objects can pose a safety risk, so it is important that metal objects are not taken 
into the scanner room.   
We will thoroughly examine your child to make sure there is no reason for your child not to have the scan.  
You must tell us if your child has metal implanted in their body, such as a pacemaker, or metal pins after 
being involved in an accident. 
The MRI scan could be mildly inconvenient because your child must remain very still while in the scanner.  
There is also a lot of machine noise during scanning. 
What happens if something unusual is found in my child’s scans? 
The scans we are taking are for research purposes.  They are not intended to be used like scans taken for a 
full clinical examination. The scans will not be used to help diagnose, treat or manage a particular condition. 
A specialist will look at your child’s MRI scans for features relevant to the research project.  On occasions, 
the specialist may find an unusual feature that could have a significant risk to your child’s health.  If this 
happens, we will contact you to talk about the findings. 
In the unlikely event that we find an unusual feature, it could have consequences for your child.  It may affect 
your child’s ability to work in certain professions, or get life or health insurance. 
However, if we do find an unusual feature and tell you about it, your child may be able to get treatment that 
might be of benefit. 
We cannot guarantee that we will find any/all unusual features. 
Please take time to consider the advantages and disadvantages of discovery of a health risk before deciding 
to take part in this research project. 
Transcranial Magnetic Stimulation (TMS)  
TMS is a safe procedure. We do not anticipate any adverse side effects.  Some children may get a slight 
headache by the end of the procedure.  There is an extremely low (0-3.6%) risk of TMS causing a seizure. It 
should be noted that in all the reports in which seizures have been associated with TMS, it was unclear 
whether this really was due to TMS or a coincidental finding in patients already having frequent seizures.  
There may be additional unforeseen or unknown risks. In the unlikely event that your child suffers an injury 
because of participating in this project, the public health service will provide hospital care and treatment at no 
cost to you.  If we learn any new information about possible risks during the project, we will tell you 
immediately. If you have any queries about any of this information then please contact us. 
 
9. What are the possible inconveniences? 
The assessments for Phase 1 and Phase 2 will be planned to coincide, to minimize any inconvenience to 
you. 
The main inconvenience from taking part is the time involved.  If you are travelling from outside Brisbane, we 
will pay for the costs of travel and parking.  If you come from a great distance, we can arrange for you to stay 
at a nearby hotel at our expense. 
Children in the group receiving COMBiT may find wearing a splint in the first week frustrating at times, 
however we will be available to help them and discuss any difficulties they might come across.   
 
10. What will be done to make sure my child’s information is confidential? 
All results of assessments will be stored without your child’s name on them. An ID number will be used to 
identify them. This ID number will be linked to your child’s name but the linking file will be kept confidential.   
Data collection sheets recording the assessment scores and the videotapes of the assessments and group 
program will be stored in a secure filing cabinet and only the researchers will have access to this information. 
On the video tapes your child will be able to be identified and these tapes will be used for assessment 
purposes only for this study.  These video tapes will not be used for teaching or promotional material for the 
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project without your permission.  
All your child’s information will be kept at the Queensland Cerebral Palsy and Rehabilitation Research 
Centre, Royal Children’s Hospital in a locked filing cabinet until he/she is 21 years old.  After this time, it will 
be destroyed. If we give talks or write about the results of this project, we will not use any names or 
identifying details.   
On the consent form, there are additional options for the use of the information we collect.  Please consider 
these options and tick the box if you agree. 
11. Will we be informed of the results when the research project is finished?
We will give you all the results of your child’s assessments and tests.  We will explain the results and put 
them in a report.  We can send any of the information we collect to your child’s treating doctor, if you want us 
to.   
You will receive a written report about your child’s progress at the end of the study and you will be kept up to 
date with your child’s progress after each visit.  If at any time you would like more information about your 
child’s results, an appointment will be organized with one of the researchers.   
We will send you a newsletter every 6 months to keep you up-to-date with the progress of the project.  We 
will also send you a final summary of the project’s results when the project finished at the end of 2008.  The 
newsletter and final summary will talk about the results of the whole group of children.  Your child will not be 
identified in any way.  
If you would like more information about the project or if you need to speak to a member of the research team in an 
emergency please contact: 
Name: Professor Roslyn Boyd   
Contact telephone: 
Facsimile: 
(07) 3365 5315 (Mob) 0434608443 
(07 33655456 
Ethics Contact:  
The Human Research Ethics Committee of the Royal Children’s Hospital and Health Services District has approved 
this study.  Should you wish to discuss the study with someone not directly involved, in particular in relation to 
matters concerning policies, information about the conduct of the study or your rights as a participant, or if you wish 
to make a confidential complaint, please contact: 
RCH&HSD Ethics Committee Coordinator 
Royal Children’s Hospital and Health Services District 
C/- Dept of Pediatrics and Child Health 
Level 3, RCH Foundation Building 
Royal Children’s Hospital 
Herston Road 
Herston  QLD  4029 
Tel: (07) 3636 9167 (Monday to Friday 9am-5pm)   
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Queensland Cerebral Palsy and Rehabilitation Research Centre 
Level 7, Block 6, Royal Brisbane and Women’s Hospital 
Herston Rd, Herston, Australia 4029 
  
Telephone (07) 3636 5542  
Facsimile (07) 3636 5538 
Web  www2.som.uq.edu.au/som/research/researchcentres/qcprrc/  
 
CONSENT FORM FOR PARENT/GUARDIAN TO GIVE INFORMED CONSENT  
FOR THEIR CHILD TO TAKE PART IN A RESEARCH PROJECT 
 
HREC Project:   
Project Title: 
Chief Investigators:  
Associate 
Investigators: 
COMBiT: Randomised trial of novel upper limb rehabilitation in hemiplegia. 
Professor Roslyn Boyd, Professor Jenny Ziviani, Dr David Abbott, A/Professor 
Stephen Rose, Professor Richard Macdonell, Dr Leanne Sakzewski 
Professor Graeme Jackson, Dr Martin Sale, Dr Robert Ware, Mrs Kerry Provan, 
Dr Andrea Guzzetta, Ms Deb Kahn, Dr Priya Edwards, Dr Lisa Copeland, 
Professor Alan Coulthard, Ms Laura Miller, Ms Joanne Bowden, Ms Katherine 
Dare, Ms Emmah Baque, Ms Kerry Marnane 
I (Parent/Guardian name)  
 
voluntarily consent for my child (name) _____________________________to take part in the above 
research project explained to me by 
Mr/Ms/Dr/Professor  
• I believe I understand the purpose, extent and possible effects of my child’s involvement in this project. 
• I have been asked if I would like to have a family member or friend with me while the project was explained. 
• I have had an opportunity to ask questions and I am satisfied with the answers I have received. 
• I understand that the researcher has agreed not to reveal results of any information involving my child’s medical history, 
subject to legal requirements. 
• If information about this project is published or presented in any public form, I understand that the researcher will not reveal 
my child’s identity. 
• It has been explained that my child’s involvement in this project may not be of any benefit to him or her. 
• I understand that if I refuse to consent, or if I withdraw my child from the project at any time without explanation, this will not 
affect my child’s access to the best available treatment options and care from The Royal Children's Hospital. 
• I understand that this project follows the guidelines of the National Statement on Ethical Conduct in Research Involving 
Humans (1999). 
• I understand that this project has been approved by The Children’s Health Services (RCH) Human Research Ethics 
Committee ( HREC). 
•  I understand I will receive a copy of this consent form and Participant Information Statement. 
□ I consent to my child having the MRI and TMS procedures as explained. 
□ I consent to the use of my child’s data by other members of the research team at Brain Research Institute to 
improve the way MRI scans are collected and analysed.  
□ I consent to the use of my child’s data in other studies that are approved by a Human Research Ethics 
Committee. 
 
Signature  Date  
 
Name of witness to parent/guardian’s signature (printed) _________________________________________ 
Witness signature  Date  
I have explained the project to the parent/guardian who has signed above, and believe that they understand the 
purpose, extent and possible effects of their child’s involvement in this project. 
Researcher’s 
Signature 
 Date  
 
Note: All parties signing the Consent Form must date their own signature. 
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Queensland Cerebral Palsy & Rehabilitation Research Centre 
Level 7, Block 6, Royal Brisbane and Women’s Hospital, Herston  QLD  4029  Australia 
Telephone  07 3636 5542  •  Facsimile  07 3636 5538  •  Email  QCPRRC@uq.edu.au 
COMBiT Study 
Participant Video and Photographic Consent 
I, _____________________________________(print full name) give consent for 
photos and video images to be taken of my son/daughter _____________________ 
(print child’s name) as part of this study to be used for :- 
Assessments, interventions and interviews 
Education presentations/posters 
Promotional information/flyers 
Queensland Cerebral Palsy and Rehabilitation Research Centre    
 Website 
I also give permission for the video of the final Circus Concert to be 
distributed to parents/carers of the children attending the COMBiT Day 
Camp. 
If at any time in the future you wish to withdraw your consent please contact the 
Queensland Cerebral Palsy and Rehabilitation Research Centre on: 
Telephone  07 3636 5542  or  Email  QCPRRC@uq.edu.au 
Name of child   _____________________________________________________ 
Legal Guardian _____________________________________________________ 
Relationship to Child _________________________________________________ 
Signature (Legal Guardian)____________________________ Date____________ 
Staff Witness Name __ 
Staff Witness Signature 
Version One: 1
 
February 2012  
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Appendix Three: Participant Information Statement and Consent Form 
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Queensland Cerebral Palsy and Rehabilitation Research Centre 
Level 7, Block 6, Royal Brisbane and Women’s Hospital 
Herston Rd, Herston, Australia 4029 
Telephone (07) 3636 5542 
Facsimile (07) 3636 5538 
Web  www2.som.uq.edu.au/som/research/researchcentres/qcprrc/ 
PARTICIPANT INFORMATION STATEMENT 
AND CONSENT FORM 
HREC Project Number:  HREC/11/QRCH/37 
Project Title: 
Chief Investigators: 
Associate 
Investigators: 
COMBiT: Randomised trial of novel upper limb rehabilitation in 
hemiplegia. 
Professor Roslyn Boyd, Professor Jenny Ziviani, Dr David Abbott, 
A/Professor Stephen Rose, Professor Richard Macdonell, Dr Leanne 
Sakzewski 
Professor Graeme Jackson, Dr Martin Sale, Dr Robert Ware, Mrs Kerry 
Provan, Dr Andrea Guzzetta, Ms Deb Kahn, Dr Priya Edwards, Dr Lisa 
Copeland, Professor Alan Coulthard, Ms Laura Miller, Ms Joanne Bowden, 
Ms Katherine Dare, Ms Emmah Baque, Ms Kerry Marnane 
Thank you for taking the time to read this Information Statement.  This Information Statement and Consent 
Form is 9 pages long.   
Please make sure you have all the pages.  For people who speak languages other than English: If you would 
also like information about the research and Consent Form in your language, please ask the person 
explaining this project to you. 
You are invited to participate in a research project that is explained below. 
What is an Information Statement? 
These pages tell you about the research project.  It explains to you clearly and openly all the steps and 
procedures of the project.  The information is to help you to decide whether or not you would like to take part 
in the research. 
Please read this Information Statement carefully.  You can ask us questions about anything in it.  You may 
want to talk about the project with your family, friends or health care worker.  
Participation in this research project is voluntary.  If you don’t want to take part, you don’t have to.  You can 
withdraw from the project at any time without explanation. 
Once you have understood what the project is about, if you would like you to take part please sign the 
consent form at the end of this information statement.  You will be given a copy of this information and 
consent form to keep. 
1. What is the research project about?
Hemiplegia is the most common form of cerebral palsy. It affects one side of the body. Many children with 
hemiplegia attend regular school but have difficulties using their impaired arm and hand in everyday activities. 
This can limit their participation at school, at home, and in the community.  It can also affect their quality of life. 
The overall aim of the project is to compare two treatment methods of upper limb training for children with 
hemiplegia.  Both treatments aim to improve arm and hand skills.  
 Treatment 1: Constraint Induced Therapy and Bimanual Training (COMBiT) combines two treatment 
approaches.  The first, constraint induced movement therapy, involves restraining the unimpaired “good 
hand” in a glove-like splint to allow intense training and practice of skills on the affected side. The
second treatment is bimanual training which encourages the use of both hands in two handed activities.
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 Treatment 2: Individually tailored occupational therapy/physiotherapy sessions.
This project has two phases.  Phase 1 is the treatment component.  Phase 2 is the neuroscience component. 
In Phase 1 we plan to provide either two weeks of daily treatment in groups of 12-14 children or individually 
tailored therapy sessions for 1.5 hours per week over 6 weeks ( 6 hourly therapy session and 3 hours for 
home program development and review) total 9 hours direct therapy and 12 weeks of 30mins 6 days per 
week home program (total dose 45 Hours). We will do some assessments before and after the treatment.  
The assessments will be about your hand and arm skills, participation at school, home and in the wider 
community, and quality of life.   
In Phase 2 we want to find out how you control your hand movements by performing two tests before and 
after the treatment. We hope to find out if one treatment has a greater effect on brain function than the other. 
The tests are: 
 Functional Magnetic Resonance Imaging (fMRI). This shows the parts of the brain that are active by
measuring blood flow when you move your hand.
 Transcranial Magnetic Stimulation (TMS).  This measures which side of the brain controls each hand.
There is no x-ray radiation involved with either test. 
In total 52 children with hemiplegia aged between 5 and 16 years, will take part in Phase 1 of the project. We 
hope that 40 children with hemiplegia aged 8-16 years, who are enrolled in Phase 1, will also take part in 
Phase 2.  
If our research shows that one treatment is better than the other, this will help us, and others, to offer a better 
rehabilitation program for children with hemiplegia. 
2. Who are the researchers?
The researchers work at the Royal Children’s Hospital in Brisbane, or at the Melbourne Brain Research 
Institute, Florey Neurosciences, Austin Hospital in Melbourne. 
 Professor Roslyn Boyd is a paediatric physiotherapist. She is the Scientific Director of the Queensland
Cerebral Palsy and Rehabilitation Research Centre at the Royal Children’s Hospital.
 Professor Jenny Ziviani is a paediatric occupational therapist who works at the Royal Children’s and
Mater Children’s Hospitals, Brisbane.
 Dr David Abbott is Physicist and Researcher at the Florey Neurosciences Institute in Melbourne.
 Associate Professor Stephen Rose is an expert at neuroimaging at the University of Queensland
Centre for Clinical Research, Brisbane.
 Associate Professor Richard Macdonell is a Neurologist and expert in TMS.  He works at the Brain
Research Institute in Melbourne and in the Department of Neurology at Austin Health.
 Dr Leanne Sakzewski is an occupational therapist. She works for the Queensland Cerebral Palsy and
Rehabilitation Research Centre in Brisbane.
 Professor Graeme Jackson is a neurologist and expert in medical imaging from the Florey
Neurosciences Institute, Melbourne.
 Dr Radwa Badawy is an expert in TMS analysis from Florey Neurosciences Institute, Melbourne.
 Dr Robert Ware is a biostatistician at the University of Queensland who will assist with analysis of data
from the study.
 Mrs Kerry Provan is an occupational therapist with extensive experience in clinical and research trials.
She will  perform the assessments and intervention programs.
 Dr Andrea Guzetta is an neurologist who will assist with analysis of the MRI scans and fMRI data
 Ms Deb Kahn is a senior occupational therapist at the Queensland Cerebral Palsy Health Service who
will undertake assessment prior to botulinum toxin injections and coordinate individualised standard
therapy.
 Dr Priya Edwards and Dr Lisa Copeland are paediatric rehabilitation specialists who will provide
intramuscular botulinum toxin A injections through regular clinics at Queensland Cerebral Palsy Health
Service at the Royal Children’s Hospital.
 Professor Alan Coulthard is the Director of Medical Imaging at the Royal Brisbane and Women’s
Hospital where the fMRI’s will be performed.
 Ms Laura Miller is an experienced paediatric occupational therapist and PhD scholar who will
participate in the study, including assessments and treatments.
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 Ms Joanne Bowden is an experienced paediatric occupational therapist who will coordinate the study.
 Ms Katherine Dare, Ms Emmah Baque and Ms Kerry Marnane are undergraduate physiotherapy and
occupational therapy Honours students who will assist with data collection and interventions.
3. Why am I being asked to be in this research project?
We are asking you to take part because you: 
 are aged between 5 and 16 years old
 Have hemiplegia
 Do not have uncontrolled epilepsy
 May be able to cope with the research procedures for the Phase 2 Neuroscience component
4. What are my alternatives to taking part in this project?
You do not have to take part in this project if you do not want to.  If you do not take part, it will not affect your 
access to care and treatment at the Royal Children’s Hospital. 
You are able to take part in the Phase 1 treatment component of this research project, and this does not 
mean you have to take part in the Phase 2 neuroscience component if you do not want to.  If you do not take 
part in Phase 2 it will not affect your participation in the Phase 1 treatment component. 
5. What do I need to do to be in this research project?
Phase 1: treatment component. 
You will be allocated to one of the treatment groups – the Constraint Induced Therapy and Bimanual 
Therapy (COMBiT) group or to individually tailored occupational therapy/physiotherapy sessions. This will be 
decided by chance, similar to a toss of a coin.  Neither you nor the researchers can decide what treatment 
group you are in.   
COMBiT is a group program and will be run over 2 weeks.  It will be run over two weeks in the school 
holidays or one week will be in the school holidays and one week on either side of the school holidays.  The 
first week will be constraint induced movement therapy (CIMT) which will be run for 6 hours per day, Monday 
to Friday from 9am to 3.00pm. (During this week, you will wear a specially constructed splint on your non-
impaired hand for the 6 hours of the program.  A “glove like splint” will be made for you at the first visit. You 
will be able to remove it for toileting, but will wear the splint for most of the time during the day camp. 
Therapy will involve specific practice and repetition of activities to improve arm and hand skills. The second 
week will involve bimanual training (BIM) which will also be for 6 hours per day, Monday to Friday from 9am 
to 3.00 pm.  During the BIM week, you will do activities to encourage the use of both hands.  Overall your 
child will receive 45 hours of direct upper limb training and 10 hours of indirect training (e.g. lower limb, 
balance). The camp will be run in collaboration Flipside Circus in Brisbane.  Trainers from the Flipside Circus 
will assist with the circus activities in the camp.  Information will be collected during the camps about what 
activities are done and how often. In total COMBiT will give 60 hours of therapy. 
Individually tailored occupational therapy/physiotherapy sessions will be provided for 1.5 hours per 
week for 6 weeks (6 x hours direct therapy sessions and 0.5 hours for home program review over 12 weeks 
for a total of 45 hours training).  You will need to identify 3 important goals for you to work on during your 
sessions.  The individually tailored sessions will focus on your goals and improving your arm and hand skills.  
The first 1 hour of your individual therapy session will work on improving your hand and arm skills, the last ½ 
hour will be to create and regularly review a home program for you to work on at home.  We aim that you do 
your home program for 30 minutes per day, six days per week for 12 weeks.  After the first six weeks of 
therapy, your therapist will ring you every week for the remaining six weeks of your home program to see 
how you are going and change the program if required.  Therapy will be provided at the Royal Children’s 
Hospital or in your local community. 
You and your caregiver will need to come to the Royal Children’s Hospital or the University of Queensland, 
St Lucia for 4 sessions for assessments over a one year period.  The first may be for a screening 
assessment.  The second may be before the first treatment program when you will also receive your 
Botulinum toxin A injections if you require them.  Approximately two weeks after this, you will start your 
therapy, either COMBiT or individually tailored occupational therapy/physiotherapy.  At the end of treatment, 
at 13 weeks, you will have a further assessment, then at 26 weeks.  You will need to come to the Royal 
Children’s Hospital or the University of Queensland, St Lucia for your assessment sessions.  These 
assessments will be done by an Occupational Therapist and Physiotherapist. The assessment sessions will 
take about 2½ hours. The following table shows the times and activities. Children who are allocated for 
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individually tailored therapy sessions will be offered a COMBiT camp once the study is completed. 
Phase 2: neuroscience component. 
We would like you to have 3 fMRI and 3 TMS tests at the Queensland Brain Institute on a 3T scanner.  The 
table below describes when these tests will happen.   
What is MRI? 
MRI stands for magnetic resonance imaging.  A MRI scanner is a machine that uses electromagnetic 
radiation (from strong magnets) to take clear pictures of the inside of the body.  Electromagnetic radiation is 
not the same as ionising radiation used, for example, in X-rays.  The pictures taken by the machine are 
called MRI scans. 
We will ask you to lie on a table inside the MRI scanner.  The scanner will record information about your 
brain.  It is very important that you keep very still during the scanning.  When you lie on the table we will 
make sure they are in a comfortable position so you can keep still.  The scanner can be very noisy and we 
can give you some earphones to reduce the noise. 
Functional MRI (fMRI) uses the same scanner.  During the scan, we will ask you to do some movement 
tasks with your hand.  It is very important that you lie completely still as even one millimetre of head 
movement causes blurring of the scans. To help keep your head still we will place a vacuum beanbag under 
your head with a velcro strap across your forehead.  One parent and a member of the research team can 
stay with you at all times.  We are also in continuous communication with you via a two-way intercom 
system.  The test should take about 1- 1 ½ hours to complete, but only 30-45 minutes of this time will be 
spent inside the scanner.  The MRI will be done at the Queensland Brain Institute or the University of 
Queensland Centre for Clinical Research.  
What is Transcranial Magnetic Stimulation (TMS)? 
The TMS test involves you sitting very still in a chair.  The TMS involves the delivery of a pair of stimuli to the 
brain using a brief duration magnetic field (similar to that used in an MRI test) performed using a coil held 
over the top of your head. The stimulation will produce a slight twitch in a hand muscle. The twitch will be 
recorded using metal discs attached to the skin. In addition to this twitch, you will be aware of a slight 
contraction of scalp muscles and will hear a click from the coil.  Initially we will start stimulation at a low 
intensity and gradually increase it to find the minimum stimulus needed to activate the brain (threshold 
stimulus).  The test should take about 1- 1 ½ hours to complete. 
At your first visit, we will explain the fMRI test and you will have a chance to practice in the “mock scanner”.  
The mock scanner is not a real MRI scanner.  We will ask you to practice lying still in the small space.  We 
will give you a training video to take home for you to watch.  This will help you get used to the noise of the 
scanner.  At the first visit, we will also explain the hand movement tasks you need to do during the scanning 
and we will measure you for some resting hand splints. 
The fMRI and the TMS tests can be done on the same day as the Phase 1 assessments however we will 
give you a break in between the fMRI and the TMS. If you prefer we can do the Phase 2 tests on separate 
days. If you have to travel some distance, there is provision to stay overnight at our expense near the 
hospital. 
You can bring a favourite video to watch during the fMRI and TMS tests, or you can select from the ones we 
have available. We can provide a refreshment or you can go to the café close by for a refreshment break. 
The following table shows the times and activities for Phase 1 assessments and Phase 2 tests: 
Assessments/tests to be performed 
Visit 1: Screening 
assessment. 
To assess suitability for the study and for the fMRI.  To practice in the mock 
scanner. 
Visit 2: Baseline 
assessment and 
Botulinum toxin A 
injections if required 
(approx two weeks 
before therapy) 
 Phase 1: Impairment and functional assessments, grip strength, hand
sensation, Melbourne Assessment of Upper Limb Function, Assisting
Hand Assessment, Jebsen Test of Hand Function, Box and Blocks Test,
Canadian Occupational Performance Measure, (1 hour).
 Phase 1: Study questionnaires, participation measures (Assessment of
Life Habits) and quality of life questionnaires (Cerebral Palsy Quality of
Life Questionnaire, The Triple P Parenting Scale (will done at home and
brought to appointment for checking), Dimensions of Mastery
Questionnaire Children’s Hand Use Experience Questionnaire 1 hour).
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 Phase 2: Functional MRI test (1 to 1½ hours)
 Refreshment break or overnight stay
 Phase 2:TMS test (1- 1 ½ hours)
 Assessment for and injections of Botulinum toxin A to your arm/hand(may
be done at separate time).
 Video footage will be taken during assessment sessions
Treatment Groups Either 
a) COMBiT for 10 days over 2 weeks – Monday to Friday 9am-3.00pm
OR 
b) Individually tailored occupational therapy/physiotherapy for 1.5 hours
per week for 6 weeks (1 hour therapy sessions and 0.5 hours for home
program review and upgrade) and a home program for 30 minutes per
day for 6 days per week over 12 weeks.
c) Pediatric Volitional Questionnaire (video footage will be taken during
treatment sessions)
d) Phase 1: Post intervention interviews with parents and children for
children at the end of COMBiT camp
Visit 3: at 13 weeks 
after you started your 
therapy 
 Phase 1: Impairment and functional assessments, grip strength, hand
sensation, Melbourne Assessment of Upper Limb Function, Assisting
Hand Assessment, Jebsen Test of Hand Function, Canadian
Occupational Performance Measure, (1 hour).
 Phase 1: Participation measures (Assessment of Life Habits), and quality
of life questionnaires (Cerebral Palsy Quality of Life Questionnaire,
Children’s Hand Use Experience Questionnaire (will done at home and
brought to appointment for checking) (1 hour).
 Phase 1: Post intervention interviews with parents and children
 Phase 2: Functional MRI test (1 to 1½ hours)
 Refreshment break or overnight stay
 Phase 2:TMS test (1- 1 ½ hours)
Visit 4: 6 months after 
you started your 
therapy 
 Phase 1: Impairment and functional assessments: grip strength, hand
sensation, Melbourne Assessment of Upper Limb Function, Assisting
Hand Assessment, Jebsen Test of Hand Function, Canadian
Occupational Performance Measure, (1 hour).
 Phase 1: Participation measures (Assessment of Life Habits), Children’s
Hand Use Experience Questionnaire,  and quality of life questionnaires
(Cerebral Palsy Quality of Life Questionnaire, (will done at home and
brought to appointment for checking) (1 hour).
 Phase 2: Functional MRI test (1 to 1½ hours)
 Refreshment break or overnight stay
 Phase 2:TMS test (1- 1 ½ hours)
Assessment Measure Descriptions 
1) Neuroimaging tests:
a. Whole-brain functional MRI studies (fMRI): is a non-invasive procedure that measures the
haemodynamic response (change in blood flow) related to neural activity in the brain. Subjects
participating in a fMRI experiment are asked to lie still and are usually restrained with soft pads to
prevent movement from disturbing measurements. Children will be habituated to the scanning
environment and trained to remain still in an MRI simulator by receiving a practice session in a
mock scanner to prepare them for the fMRI.
b. TMS: is a non-invasive method of measuring which side of your brain controls your hand
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2) The Melbourne Assessment of Unilateral Upper Limb Function - is a videotaped measure of your
arm and hand skills.  It will be scored by an independent rater who is not aware of which treatment you
have had.
3) Assisting Hand Assessment – a measure of your skill in using both hands together.  This assessment
will be videotaped then scored by an independent rater.
4) Jebsen-Taylor Test of Hand Function and Box and Blocks Test-  measures of hand dexterity using
timed activities.
5) Children’s Hand Use Experience Questionnaire - a questionnaire that measures how you use your
hand and arm in everyday activities at home.
6) Dimensions of Mastery Questionnaire – looks at your motivation and how you solve difficult
problems.
7) Pediatric Volitional Questionnaire – is an observational assessment that measures your motivation
and the way they react to and interact with your environment. Observations will occur during therapy
sessions and video footage will be taken at intervals during the treatment phase. It will be scored by an
observing therapist.
8) Canadian Occupational Performance Measure: asks you to identify areas of difficulty in everyday
activities and rate how you feel you are doing that activity and how satisfied you are with how you do it.
This helps to identify goals to work on in therapy and see if you meet your goals as a result of the
therapy.
9) Assessment of Life Habits (LIFE-H) is designed to measure life habits in home, school and
community as appropriate. Four categories will be tested: nutrition (mealtimes), personal care
(dressing), education and recreation. There are two versions of this questionnaire, one for 5-13 year
olds which is recorded as a parent report questionnaire.  Older participants will complete the same
sections on the Adult version of the Life-H themselves as it is a self-report tool.
10) Quality of Life: QOL will be measured using either the CPQOL-Child parent report if the child is under
9 years of age, or the CPQOL-Child self-report if they are over 9 years of age. The CPQOL-Teen will be
used for adolescents aged 13-18 years.
11) The Triple P Parenting Scale: a questionnaire that looks at different ways or styles of parenting.
12) Post intervention parent and child interviews: will be conducted at the end of the treatment block. Video
footage of the treatment sessions will be discussed with parents and children to explore your motivation
in the sessions and the way you react to and interact with your environment.
13) Study questionnaire: a general questionnaire that asks you demographic, health and environmental
information about you and your family.
Assessments 4 and 6 will be completed twice to investigate the reliability of these measures. 
6. What are the possible benefits to me?
You will receive  either intensive group or individualized therapy.  Regardless of the group you are in, you are 
likely to see improvements in your arm and hand skills and work towards achieving your goals.  You will have 
up to date assessment information about your arm and hand skills, activity performance, participation and 
quality of life.  This may be useful for future therapy planning. 
The fMRI and TMS tests will have no direct benefit to you, but they may help us to understand how the 
treatment works and whether children with certain types of lesions respond differently or better to others.  
7. What are the benefits for other people in the future?
We hope that the results of our project will help other children with hemiplegia and their families in the future. 
If we find that one form of treatment has a better and longer lasting effect on hand and arm skills, and quality 
of life, it may change the way we provide treatment.  Better outcomes for upper limb rehabilitation, may 
improve children’s ability to participate in a range of new activities, and reduce the burden of care on 
families/caregivers.   
8. What are the possible risks, side-effects and/or discomforts?
We do not expect that there will be any risks or side effects from either treatment (COMBiT or individually 
tailored occupational therapy/physiotherapy sessions) in Phase 1 of the project.  There is a small risk of 
hand weakness following intramuscular injections of Botulinum toxin A, however we expect that either 
therapy will counteract that possible effect. 
Phase 2 tests: 
The noise during the fMRI test can be loud but we use high-quality headphones to reduce the noise to safe 
levels.  Keeping still during the fMRI is important, so we will use velcro strapping to keep your head still - this 
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can be a little uncomfortable after 30-45 minutes of scanning.  
Functional Magnetic Resonance Imaging (fMRI) 
There are no known health risks associated with the magnetic radiation in MRI scans.  MRI is considered a 
safe procedure when performed at a centre with appropriate guidelines.  However, the electromagnetic 
attraction for some metal objects can pose a safety risk, so it is important that metal objects are not taken 
into the scanner room.   
We will thoroughly examine you to make sure there is no reason for you not to have the scan.  You must tell 
us if you have metal implanted in your body, such as a pacemaker, or metal pins after being involved in an 
accident. 
The MRI scan could be mildly inconvenient because you must remain very still while in the scanner.  There 
is also a lot of machine noise during scanning. 
What happens if something unusual is found in my scans? 
The scans we are taking are for research purposes.  They are not intended to be used like scans taken for a 
full clinical examination. The scans will not be used to help diagnose, treat or manage a particular condition. 
A specialist will look at your MRI scans for features relevant to the research project.  On rare occasions, the 
specialist may find an unusual feature that could have a significant risk to your health.  If this happens, we 
will contact you to talk about the findings. 
In the unlikely event that we find an unusual feature, it could have consequences for you.  It may affect your 
ability to work in certain professions, or get life or health insurance. 
However, if we do find an unusual feature and tell you about it, you may be able to get treatment that might 
be of benefit. 
We cannot guarantee that we will find any/all unusual features. 
Please take time to consider the advantages and disadvantages of discovery of a health risk before deciding 
to take part in this research project. 
Transcranial Magnetic Stimulation (TMS) 
TMS is a safe procedure. We do not anticipate any adverse side effects.  Some children may get a slight 
headache by the end of the procedure.  There is an extremely low (0-3.6%) risk of TMS causing a seizure. It 
should be noted that in all the reports in which seizures have been associated with TMS, it was unclear 
whether this really was due to TMS or a coincidental finding in patients already having frequent seizures.  
There may be additional unforeseen or unknown risks. In the unlikely event that you suffer an injury because 
of participating in this project, the public health service will provide hospital care and treatment at no cost to 
you.  If we learn any new information about possible risks during the project, we will tell you immediately. If 
you have any queries about any of this information then please contact us. 
9. What are the possible inconveniences?
The assessments for Phase 1 and Phase 2 will be planned to coincide, to minimize any inconvenience to 
you. 
The main inconvenience from taking part is the time involved.  If you are travelling from outside Brisbane, we 
will pay for the costs of travel and parking.  If you come from a great distance, we can arrange for you to stay 
at a nearby hotel at our expense. 
Children in the group receiving COMBiT may find wearing a splint in the first week frustrating at times, 
however we will be available to help them and discuss any difficulties they might come across.   
10. What will be done to make sure my information is confidential?
All results of assessments will be stored without your name on them. An ID number will be used to identify 
them. This ID number will be linked to your name but the linking file will be kept confidential.   
Data collection sheets recording the assessment scores and the videotapes of the assessments and group 
program will be stored in a secure filing cabinet and only the researchers will have access to this information. 
On the video tapes you will be able to be identified and these tapes will be used for assessment purposes 
only for this study.  These video tapes will not be used for teaching or promotional material for the project 
without your permission.    
All your information will be kept at the Queensland Cerebral Palsy and Rehabilitation Research Centre, 
Royal Children’s Hospital in a locked filing cabinet until you are 21 years old.  After this time, it will be 
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destroyed. If we give talks or write about the results of this project, we will not use any names or identifying 
details.   
On the consent form, there are additional options for the use of the information we collect.  We can send the 
results of the fMRI test to your treating doctor if you would like us to.  Please consider these options and tick 
the box if you agree. 
11. Will we be informed of the results when the research project is finished?
We will give you all the results of your assessments and tests.  We will explain the results and put them in a 
report.  We can send any of the information we collect to your treating doctor, if you want us to.   
You will receive a written report about your progress at the end of the study and you will be kept up to date 
with your progress after each visit.  If at any time you would like more information about your results, an 
appointment will be organized with one of the researchers.   
We will send you a newsletter every 6 months to keep you up-to-date with the progress of the project.  We 
will also send you a final summary of the project’s results when the project finished at the end of 2014.  The 
newsletter and final summary will talk about the results of the whole group of children.  You will not be 
identified in any way.  
If you would like more information about the project or if you need to speak to a member of the research 
team in an emergency please contact: 
Name: Professor Roslyn Boyd   
Contact telephone: 
Facsimile: 
(07) 3365 5315 (Mob) 0434608443 
(07) 33655456 
Ethics Contact:  
The Human Research Ethics Committee of the Royal Children’s Hospital and Health Services District has 
approved this study.  Should you wish to discuss the study with someone not directly involved, in particular in 
relation to matters concerning policies, information about the conduct of the study or your rights as a 
participant, or if you wish to make a confidential complaint, please contact: 
RCH&HSD Ethics Committee Coordinator 
Royal Children’s Hospital and Health Services District 
C/- Dept of Pediatrics and Child Health 
Level 3, RCH Foundation Building 
Royal Children’s Hospital 
Herston Road 
Herston  QLD  4029 
Tel: (07) 3636 9167 (Monday to Friday 9am-5pm)   
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Queensland Cerebral Palsy and Rehabilitation Research Centre 
Level 7, Block 6, Royal Brisbane and Women’s Hospital 
Herston Rd, Herston, Australia 4029 
Telephone (07) 3636 5542  
Facsimile (07) 3636 5538 
Web  www2.som.uq.edu.au/som/research/researchcentres/qcprrc/ 
CONSENT FORM FOR PARTICIPANT TO GIVE INFORMED CONSENT 
 TO TAKE PART IN A RESEARCH PROJECT 
HREC Project: 
Project Title: 
Chief Investigators: 
Associate 
Investigators: 
COMBiT: Randomised trial of novel upper limb rehabilitation in hemiplegia. 
Professor Roslyn Boyd, Professor Jenny Ziviani, Dr David Abbott, A/Professor 
Stephen Rose, Professor Richard Macdonell, Dr Leanne Sakzewski 
Professor Graeme Jackson, Dr Martin Sale, Dr Robert Ware, Mrs Kerry Provan, 
Dr Andrea Guzzetta, Ms Deb Kahn, Dr Priya Edwards, Dr Lisa Copeland, 
Professor Alan Coulthard, Ms Laura Miller, Ms Joanne Bowden, Ms Katherine 
Dare, Ms Emmah Baque, Ms Kerry Marnane 
I (Participant name) 
voluntarily consent for me (name) _____________________________to take part in the above research 
project explained to me by 
Mr/Ms/Dr/Professor 
 I believe I understand the purpose, extent and possible effects of my involvement in this project.
 I have been asked if I would like to have a family member or friend with me while the project was explained.
 I have had an opportunity to ask questions and I am satisfied with the answers I have received.
 I understand that the researcher has agreed not to reveal results of any information involving my medical history,
subject to legal requirements.
 If information about this project is published or presented in any public form, I understand that the researcher will not
reveal my identity.
 It has been explained that my involvement in this project may not be of any benefit to me.
 I understand that if I refuse to consent, or if I withdraw from the project at any time without explanation, this will not
affect my access to the best available treatment options and care from The Royal Children's Hospital.
 I understand that this project follows the guidelines of the National Statement on Ethical Conduct in Research
Involving Humans (1999).
 I understand that this project has been approved by The Children’s Health Services (RCH) Human Research Ethics
Committee ( HREC) .
 I understand I will receive a copy of this consent form and Participant Information Statement.
□ I consent to having the MRI and TMS procedures as explained.
□ I consent to the use of my data by other members of the research team at Brain Research Institute to
improve the way MRI scans are collected and analysed. 
□ I consent to the use of my data in other studies that are approved by a Human Research Ethics
Committee. 
Signature Date 
Name of witness to participant’s signature (printed) _________________________________________ 
Witness signature Date 
I have explained the project to the participant who has signed above, and believe that they understand the 
purpose, extent and possible effects of their child’s involvement in this project. 
Researcher’s 
Signature 
 Date 
Note: All parties signing the Consent Form must date their own signature. 
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Queensland Cerebral Palsy and Rehabilitation Research Centre 
Royal Children’s Hospital 
Herston, Australia 4029 
Telephone (07) 3636 5542 
Facsimile (07) 3636 5538 
Web  www2.som.uq.edu.au/som/research/researchcentres/qcprrc/ 
STANDARD CARE THERAPIST INFORMATION STATEMENT 
AND CONSENT FORM 
HREC Project Number:  HREC/11/QRCH/37 
Project Title: 
Chief Investigators: 
Associate 
Investigators: 
COMBiT: Randomised trial of novel upper limb rehabilitation in 
hemiplegia. 
Professor Roslyn Boyd, Professor Jenny Ziviani, Dr David Abbott, 
A/Professor Stephen Rose, Professor Richard Macdonell, Dr Leanne 
Sakzewski 
Professor Graeme Jackson, Dr Martin Sale, Dr Robert Ware, Mrs Kerry 
Provan, Dr Andrea Guzzetta, Ms Deb Kahn, Dr Priya Edwards, Dr Lisa 
Copeland, Professor Alan Coulthard, Ms Laura Miller, Ms Joanne Bowden, 
Ms Katherine Dare, Ms Emmah Baque, Ms Kerry Marnane 
Thank you for taking the time to read this Information Statement.  This Information Statement and Consent 
Form is 5 pages long.   
Please make sure you have all the pages.  For people who speak languages other than English: If you would 
also like information about the research and Consent Form in your language, please ask the person 
explaining this project to you. 
You are invited to participate in a research project that is explained below. 
What is an Information Statement? 
These pages tell you about the research project.  It explains to you clearly and openly all the steps and 
procedures of the project.  The information is to help you to decide whether or not you would like to take part 
in the research. 
Please read this Information Statement carefully.  You can ask us questions about anything in it.  You may 
want to talk about the project with your colleagues or manager.  
Participation in this research project is voluntary.  If you don’t want to take part, you don’t have to.  You can 
withdraw from the project at any time without explanation. 
Once you have understood what the project is about, if you would like you to take part please sign the 
consent form at the end of this information statement.  You will be given a copy of this information and 
consent form to keep. 
1. What is the research project about?
Hemiplegia is the most common form of cerebral palsy. It affects one side of the body. Many children with 
hemiplegia attend regular school but have difficulties using their impaired arm and hand in everyday activities. 
This can limit their participation at school, at home, and in the community.  It can also affect their quality of life. 
This randomised comparison trial aims to determine if a new intervention, COMBiT, is more effective than 
standard therapy care to improve upper limb function, independence in daily life skills, societal participation 
and quality of life for school aged children with congenital hemiplegia.  Children will be randomly allocated to 
either COMBiT OR standard therapy.  The principal researcher, training therapist, parent and child will be 
aware to which group the child has been allocated.  Assessments of unimanual capacity of the impaired 
upper limb and bimanual performance will be carried out before the intervention, then 12 and 26 weeks after 
the intervention. The assessors will be blinded to which group the children are allocated.  Children may 
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receive intramuscular injections of Botulinum Toxin A to their upper limb prior to study commencement. 
2. What is the COMBiT intervention?
COMBiT combines two treatment approaches (1) Constraint Induced Movement Therapy (CIMT) involves 
placing a glove-like splint on the child's unimpaired hand during training tasks to encourage greater use of 
their impaired hand in performing a task (the dominant hand becomes an assisting hand); (2) Bimanual 
Training (BIM) where the child is encouraged to use both hands spontaneously when performing tasks. 
Therapy will be undertaken using a "day camp" model with a Circus Theme where children attend in a small 
group for 10 days over a two week period. CIMT will be the therapy used in the first week followed by BIM in 
the second week. The therapy program will run for 6 hours per day for the 10 days. 
3. What is standard therapy?
Children who are randomised to receive standard care will be provided with 6 individual occupational 
therapy sessions (1.5hrs/week for 6 weeks for a dose of 6 hours direct therapy and 3 hours for home 
program development and review) one week apart in a hospital or community setting. The theoretical basis 
will comprise goal directed training where the child will identify 3-5 specific goals that they want to improve 
and the standard care OT provider will work with the child and family to practice the goals using theories of 
motor learning, goal directed training and family centred practice. Families will be provided with a home 
program to practice goal areas for 12 weeks (30 minutes practice each day for 6 days/wk for 12 weeks - 36 
hours indirect therapy) for a total dose of 6 hours direct training; 36 hours of indirect training, and 3hrs home 
program development and review for the standard care group.  
4. Who are the researchers?
The researchers work at the Royal Children’s Hospital in Brisbane, or at the Melbourne Brain Research 
Institute, Florey Neurosciences, Austin Hospital in Melbourne. 
 Professor Roslyn Boyd is a paediatric physiotherapist. She is the Scientific Director of the Queensland
Cerebral Palsy and Rehabilitation Research Centre at the Royal Children’s Hospital.
 Professor Jenny Ziviani is a paediatric occupational therapist who works at the Royal Children’s and
Mater Children’s Hospitals, Brisbane.
 Dr David Abbott is Physicist and Researcher at the Florey Neurosciences Institute in Melbourne.
 Associate Professor Stephen Rose is an expert at neuroimaging at the University of Queensland
Centre for Clinical Research, Brisbane.
 Associate Professor Richard Macdonell is a Neurologist and expert in TMS.  He works at the Brain
Research Institute in Melbourne and in the Department of Neurology at Austin Health.
 Dr Leanne Sakzewski is an occupational therapist. She works for the Queensland Cerebral Palsy and
Rehabilitation Research Centre in Brisbane.
 Professor Graeme Jackson is a neurologist and expert in medical imaging from the Florey
Neurosciences Institute, Melbourne.
 Dr Martin Sale  is an expert in TMS analysis from the Queensland Brain Institute , Brisbane who will
conduct the TMS studies.
 Dr Robert Ware is a biostatistician at the University of Queensland who will assist with analysis of data
from the study.
 Mrs Kerry Provan is an occupational therapist with extensive experience in clinical and research trials.
She will  perform the assessments and intervention programs.
 Dr Andrea Guzetta is an neurologist who will assist with analysis of the MRI scans and fMRI data
 Ms Deb Kahn is a senior occupational therapist at the Queensland Cerebral Palsy Health Service who
will undertake assessment prior to botulinum toxin injections and coordinate individualised standard
therapy.
 Dr Priya Edwards and Dr Lisa Copeland are paediatric rehabilitation specialists who will provide
intramuscular botulinum toxin A injections through regular clinics at Queensland Cerebral Palsy Health
Service at the Royal Children’s Hospital.
 Professor Alan Coulthard is the Director of Medical Imaging at the Royal Brisbane and Women’s
Hospital where the fMRI’s will be performed.
 Ms Laura Miller is an experienced paediatric occupational therapist and PhD scholar who will
participate the study, including assessments and treatments.
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 Ms Joanne Bowden is an experienced paediatric occupational therapist who will coordinate the study,
including assessments and treatments.
 Ms Katherine Dare, Ms Emmah Baque and Ms Kerry Manane are undergraduate physiotherapy and
occupational therapy Honours students who will assist with data collection and interventions.
5. Why am I being asked to be in this research project?
We are asking you to take part because you are a qualified occupational therapist with experience in 
paediatrics, child development and neurological impairment. You have been identified by a member of the 
research team as a therapist who may be interested in providing standard care therapy to a child who lives 
nearby to your OT practice. 
6. What are my alternatives to taking part in this project?
You do not have to take part in this project if you do not want to.  There is no penalty for choosing not to 
participate in this study. 
7. What do I need to do to be in this research project?
You will be provided with the manual “COMBiT: Information for Therapists”. This manual provides more 
detailed information regarding the project, the assessments used and a guide to providing standard therapy 
care.  
Therapists will provide one session of therapy per week for six weeks.  Each session will last 1.5 hours, with 
one hour allocated to direct provision of therapy, and 0.5 hour to the review and ongoing grading of the 
child’s home program.  The home program will extend beyond the 6 week treatment period for a further 6 
weeks (12 weeks in total).  Therapists are required to contact the child’s caregiver via telephone once per 
week during this “non therapy” period to review the home program and provide further suggestions as 
required. 
We ask therapists involved in delivering the standard care therapy to record details of each therapy session.  
We understand that standard care may look different across different health care settings and with different 
therapists, therefore this is important for us to understand and report the variations in therapy that are 
delivered as standard care in this study. A therapy log form is attached as part of the manual for reporting 
purposes. 
We also ask therapists involved in delivering the standard care therapy to video record their sessions and to 
make observations and evaluations of the child’s level of mastery motivation during the therapy session. 
Information regarding mastery motivation forms part of the manual. A task directed and persistence scale 
and a child’s affect scale with recording form are attached as part of the manual for reporting purposes. 
Video footage of the sessions is required for the researchers to be able to measure the child’s motivation and 
mastery behaviours using the Paediatric Volitional Questionnaire (PVQ) when faced with therapy tasks of 
varying challenge.  The videos will only be used to examine the child’s task direction, persistence, volition 
and affect. We also play snippets of the videos back to children post therapy block as a prompt when asking 
them questions regarding their persistence at challenging tasks and feelings around success or failure. Video 
footage need only be of the child participating in activities and no footage of the therapist is necessary.  We 
will not be using the video footage to evaluate therapy sessions or use the footage to compare sessions.  
Video footage will be stored securely in the child’s assessment file and will be used for assessment purposes 
only for this study. Video footage will not be used for teaching or promotional material for the project. 
8. What are the possible benefits of the project?
We hope that the results of our project will help other children with hemiplegia and their families in the future. 
If we find that one form of treatment has a better and longer lasting effect on hand and arm skills, and quality 
of life, it may change the way we provide treatment.  Better outcomes for upper limb rehabilitation may 
improve children’s ability to participate in a range of new activities, and reduce the burden of care on 
families/caregivers.   
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9. What are the possible risks, side-effects and/or discomforts?
We do not expect that there will be any risks or side effects from participating in this project. 
10. What are the possible inconveniences?
The standard care protocol has been designed to reflect current practice and as such minimizes any 
inconvenience to you. We do require that you take the time to read the standard care guide for therapists, 
complete the therapy log and mastery motivation Likert scales after every therapy session, and video record 
the therapy sessions. 
11. What will be done to make sure information provided is confidential?
Data collection sheets recording the therapy log, task directed and affect scores and the video recordings of 
the therapy sessions will be stored in secure filing cabinets and only the researchers will have access to this 
information. Video footage need only be of the child participating in activities and no footage of the therapist 
is necessary. Please note, that even if you are identifiable on the video footage due to camera angles, 
videos will be used for assessment purposes only for this study.  These video tapes will not be used for 
teaching or promotional material for the project without your permission.    
All information will be kept at the Queensland Cerebral Palsy and Rehabilitation Research Centre, Royal 
Children’s Hospital in a locked filing cabinet until the participants are 21 years of age.  After this time, it will 
be destroyed. If we give talks or write about the results of this project, we will not use any names or 
identifying details.   
If you would like more information about the project or if you need to speak to a member of the research 
team in an emergency please contact: 
Name: Professor Roslyn Boyd   
Contact telephone: 
Facsimile: 
(07) 3365 5315 (Mob) 0434 608 443 
(07) 33655456 
Ethics Contact: 
The Human Research Ethics Committee of the Royal Children’s Hospital and Health Services District has 
approved this study.  Should you wish to discuss the study with someone not directly involved, in particular in 
relation to matters concerning policies, information about the conduct of the study or your rights as a 
participant, or if you wish to make a confidential complaint, please contact: 
RCH&HSD Ethics Committee Coordinator 
Royal Children’s Hospital and Health Services District 
C/- Dept of Pediatrics and Child Health 
Level 3, RCH Foundation Building 
Royal Children’s Hospital 
Herston Road 
Herston  QLD  4029 
Tel: (07) 3636 9167 (Monday to Friday 9am-5pm)   
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Queensland Cerebral Palsy and Rehabilitation Research Centre 
Royal Children’s Hospital 
Herston, Australia 4029 
Telephone (07) 3636 5542  
Facsimile (07) 3636 5538 
Web  www2.som.uq.edu.au/som/research/researchcentres/qcprrc/ 
CONSENT FORM FOR THERAPIST TO GIVE INFORMED CONSENT 
 TO TAKE PART IN A RESEARCH PROJECT 
HREC Project: HREC/11/QRCH/37 
Project Title: 
Chief Investigators: 
Associate 
Investigators: 
COMBiT: Randomised trial of novel upper limb rehabilitation in hemiplegia. 
Professor Roslyn Boyd, Professor Jenny Ziviani, Dr David Abbott, A/Professor 
Stephen Rose, Professor Richard Macdonell, Dr Leanne Sakzewski 
Professor Graeme Jackson, Dr Martin Sale, Dr Robert Ware, Mrs Kerry Provan, 
Dr Andrea Guzzetta, Ms Deb Kahn, Dr Priya Edwards, Dr Lisa Copeland, 
Professor Alan Coulthard, Ms Laura Miller, Ms Joanne Bowden 
I (Therapist name) 
voluntarily consent for me (name) _____________________________to take part in the above research 
project explained to me by 
Mr/Ms/Dr/Professor 
 I believe I understand the purpose, extent and requirements of my involvement in this project.
 I have had an opportunity to ask questions and I am satisfied with the answers I have received.
 I understand that if I refuse to consent, or if I withdraw from the project at any time without explanation there will be
no penalty.
 I understand that this project follows the guidelines of the National Statement on Ethical Conduct in Research
Involving Humans (1999).
 I understand that this project has been approved by The Children’s Health Services (RCH) Human Research Ethics
Committee ( HREC) .
 I understand I will receive a copy of this consent form and Standard Care Therapist Information Statement.
□ I consent to completing the necessary paperwork as outlined in “COMBiT: Information for Therapists”
□ I consent to video recording my therapy sessions. I understand that photo and video images taken
during my standard care therapy sessions will be used for assessment of the child’s level of mastery
motivation and post therapy interviews with the child and parents.
Therapist’s 
Signature 
Date 
Name of witness to therapist’s signature (printed) _________________________________________ 
Witness signature  Date 
I have explained the project to the therapist who has signed above, and believe that they understand the 
purpose, extent and requirements of their involvement in this project. 
Researcher’s 
Signature 
Date 
Note: All parties signing the Consent Form must date their own signature. 
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Appendix Five: Recruitment Flyer 
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Appendix Six: Study Questionnaire 
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COMBiT STUDY QUESTIONNAIRE 
Part 1. Questions about your child 
1) Child’s name:
2) Gender (please shade in the appropriate circle): O Male O Female 
3) Date of Birth (dd/mm/yyyy):
/ / 
4) Side of hemiplegia (please shade in the appropriate circle): O Left O Right 
5) Does your child have any other difficulties which would affect their participation in home, school
or community activities (please shade in the appropriate circles)
O Epilepsy
O Hearing Impairment
O Intellectual Impairment
O Learning Disability
O Speech/Language Difficulty
O Visual Impairment
O Other (please explain):
6) Which school does your child attend?
7) What type of school does your child attend?
O Public primary O   Special class, regular school 
O Public secondary O   Private primary 
O Special school O   Private secondary 
8) Who is your child’s teacher?
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9) What grade is your child currently in (please shade in the appropriate circle):
Prep 1 2 3 4 5 6 7 8 9 10 
O O O O O O O O O O 
10) What kind of classroom is your child in?  (please shade in the appropriate circle)
O regular classroom 
O special education classroom in a mainstream school 
O special school classroom 
O other (please explain): 
11) Does your child receive any other assistance for schooling (eg. tutoring):
12) Thinking about the last 12 months, did your child receive either weekly or fortnightly therapy? If
so please complete question 12, if not proceed to question 13.
What therapy services did your child receive either on a weekly or fortnightly basis? Please shade in 
the appropriate circle whether your child received either weekly or fortnightly therapy, indicate the 
numbers of hours of therapy per week or fortnight they received, the number of weeks or fortnights 
therapy was provided, and an approximate total hours received over a 6 month period: 
Weekly Hrs/wk    Fortntly   Hrs/fortn Number Total hrs/ 
wks/fortnts  6 mths 
Occupational therapy O O
Physiotherapy O O  
Psychology O O 
Speech pathology O O 
Other (please specify): O O 
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13)Thinking about the last 12 months, did your child receive any therapy less frequently than weekly 
or fortnightly.  If yes, complete question 13, if no proceed to question 14. 
What therapy services did your child receive: 
How many times Total hrs/year 
per year 
Occupational therapy 
Physiotherapy 
Psychology 
Speech pathology 
Orthotics/prosthetics 
Other (please specify): 
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14) Thinking about the type and amount of support provided to your child and family in the last 12
months, please indicate by shading in the appropriate circle indicating your level of agreement with
the following statements:___________________________________________________________
Strongly Disagree Neither Agree     Strongly 
Disagree  Agree nor Agree 
Disagree 
1. My child receives adequate
occupational therapy for his/her needs.
2. My child receives adequate 
physiotherapy for his/her needs.
3. My child receives adequate speech
therapy for his/her needs.
4. My child can access orthotics services
when they are required.
5. My child’s teacher understands his/her
needs.
6. My child’s teacher accommodates my
child’s needs.
7. My child is allowed extra time to
encourage independence at school.
8. My child gets encouragement to reach
his/her potential from teachers,
therapists and helpers at school.
9. Teachers, therapists and doctors listen
to my views as a parent.
10. My child receives emotional support
from classmates and similar age
friends.
11. My child gets encouragement to reach
his/her potential from classmates and
similar age friends.
12. Classmates and similar age friends have
a positive attitude towards my child.
13. My child receives emotional support
from wider family and friends.
14. My child gets encouragement to reach
his/her potential from wider family and
friends.
15. I can access grants for special
equipment free of charge.
16. I have received information about
financial benefits at an appropriate
time.
17. I can go to a parent support group in my
area.
18. Counselling is available to me because
I have a child with a disability.
19. Local leisure facilities are suitable for
my child.
       O   O   O  O  O 
       O  O   O  O  O 
       O  O   O  O  O 
       O  O   O  O  O 
       O  O   O  O  O 
       O  O   O  O  O 
      O  O   O  O  O 
       O  O   O  O  O 
       O  O   O  O  O 
       O  O   O  O  O 
       O  O   O  O  O 
       O  O   O  O  O 
    O  O   O  O  O 
       O  O   O  O  O 
       O  O   O  O  O 
       O  O   O  O  O 
    O  O   O  O  O 
    O  O   O  O  O 
       O  O   O  O  O 
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Part 2.  Information about your family 
These questions are about your family.  There are many factors that can impact on a child’s 
participation in home, school and community activities.  Some of these relate to families.  These 
answers will help us understand some of these factors.  Your responses will in no way be identified. 
1) Please indicate your family structure (please shade the appropriate circle):
O  two parent family O  single parent family 
2) Please indicate the number of children living in the household and their ages?
Number of children living in the household?
Years Months 
Age of first child (if applicable) 
Age of second child (if applicable) 
Age of third child (if applicable) 
Age of fourth child (if applicable) 
Age of fifth child (if applicable) 
Age of sixth child (if applicable) 
3) Is English the main language spoken at home Please shade in the appropriate circle)?
O  yes O  no 
4) What is your postcode?
5) We understand that financial circumstances are a consideration in accessing specific activities and
resources for families. For this reason we seek information on annual family income if you are
willing to provide it (please shade in the appropriate circle
0 to $6,000 O 
$6,001 to $37,000 O 
$37,001 to $80,000 O 
$80,001 to $180,000 O 
Over $180,000 O 
THANKYOU FOR YOUR TIME AND TAKING PART IN THIS EXCITING RESEARCH 
All your answers will be kept confidential. 
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Appendix Seven: Dimensions of Mastery Questionnaire Parent Report (Child) 
Morgan, G. A. (1997). Dimensions of Mastery Questionnaire (Database Record). 
Retrieved from PsycTESTS website: http://www.apa.org/pubs/databases/psyctests/ 
doi:10.1037/t04950-000 
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Motivation Questionnaire - Child 
Child’s Age: o Baseline
Years     Months 
 Today’s Date (dd/mm/yyyy): o Boy o Girl
/ / 
Rater’s relationship to child: 
o Mother o Father o Other (please specify):
Please shade the circle for the number that best indicates how typical each statement is of this 
child. Think of a rating of 3 as an average child of approximately this child’s age. Children 
vary; most are motivated to do some things but not others. Please try to answer all questions 
even if you are not sure. 
__________________________________________________________________________ 
NOT AT ALL  VERY 
TYPICAL TYPICAL 
1 2 3 4 5 
__________________________________________________________________________________________ 
1. Repeats a new problem until he or she can do it well o o o o o
2. Smiles broadly after finishing something o o o o o 
3. Gives up if he or she cannot do physical skills well o o o o o
4. Solves problems quickly o o o o o
5. Gives up easily if cannot do something o o o o o
6. Is a little slow understanding things o o o o o
7. Likes to try hard problems instead of easy ones o o o o o
8. Enjoys talking with adults, and tries to keep them interested  o o o o o
9. If a task is hard to do, stops trying after a short time o o o o o
10. Is very good at doing things o o o o o
11. Does not smile after he or she makes something happen o o o o o
12. Tries to do well in physical activities even when they are hard  o o o o o 
13. Has some difficulty doing things as well as other children his
or her age o o o o o
14. Completes school work, even if it takes a long time to finish  o o o o o
15. Tries hard to interest adults in doing things with him or her  o o o o o
16. Likes sports and tries to do them very well o o o o o 
17. Explores all ways to solve a problem with many parts
before doing something else o o o o o 
OVER PLEASE 
 -  
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__________________________________________________________________________ 
NOT AT ALL  VERY 
TYPICAL TYPICAL 
1 2 3 4 5 
__________________________________________________________________________________________ 
18. Gets excited when he or she figures something out o o o o o
19. Likes to play actively with me or other adults o o o o o
20. Does things that are hard for children for his or her age o o o o o
21. Is pleased when solves a hard problem o o o o o
22. Tries hard to get adults to understand things o o o o o
23. Works for a long time trying to do something hard o o o o o
24. Tries to do well on cause and effect activities like
video games or magic tricks o o o o o
25. Gets very involved in pretend play with friends o o o o o
26. Repeats sports skills until he or she can do them very well  o o o o o
27. Tries hard to throw balls so he or she can do it well o o o o o
28. Tries hard to make friends with other kids o o o o o
29. Will work for a long time trying to solve a problem for school  o o o o o
30. Likes to talk with other kids and does it often o o o o o
31. Tries to complete games like puzzles even if they are hard  o o o o o
32. Tries to get included when other children are playing o o o o o
33. Gives up quickly when playing with adults o o o o o
34. Looks down or away when tries but cannot do something o o o o o
35. Tries to keep play going for a long time when playing
with kids o o o o o
36. Repeats motor skills, such as climbing or gymnastics, to
do them well o o o o o
37. Enjoys discussing things with adults o o o o o
38. Lowers head or slumps over when he or she does not do
well at something o o o o o
39. Avoids getting involved with other children o o o o o
40. Tries to do well at athletic games o o o o o
41. Smiles when he or she makes something happen o o o o o
42. Avoids looking at others after failing at something he or she
tried hard to do o o o o o
43. Gets excited when he or she is successful o o o o o
44. Gets upset if he or she cannot do something after trying hard  o o o o o
45. Tries hard to get better at catching things o o o o o 
DMQ 17 child. January 27, 1997 
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Appendix Eight: Dimensions of Mastery Questionnaire Parent Report (Teen) 
Morgan, G. A. (1997). Dimensions of Mastery Questionnaire (Database Record). 
Retrieved from PsycTESTS website: http://www.apa.org/pubs/databases/psyctests/ 
doi:10.1037/t04950-000 
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Motivation Questionnaire - Teen 
Teen’s Age: o Baseline
Years      
 Today’s Date (dd/mm/yyyy): o Male o Female
/ / 
Rater’s relationship to teen: 
o Mother o Father o Other (please specify):
Please shade the circle for the number that best indicates how typical each statement is of this 
child. Think of a rating of 3 as an average teen of approximately this teen’s age. Kids vary; 
most are motivated to do some things but not others.  Please try to answer all questions even 
if you are not sure. 
__________________________________________________________________________ 
NOT AT ALL  VERY 
TYPICAL TYPICAL 
1 2 3 4 5 
__________________________________________________________________________________________ 
1. Works on a new problem until he or she can do it well o o o o o
2. Is pleased with self when finishes something hard o o o o o 
3. Gives up if cannot do physical skills well o o o o o
4. Solves problems quickly o o o o o
5. Gives up easily if cannot do something o o o o o
6. Is a little slow in understanding things o o o o o
7. Likes to try hard problems instead of easy ones o o o o o
8. Enjoys talking with adults, and tries to keep them interested  o o o o o
9. If a task is hard to do, stops trying after a short time o o o o o
10. Is very good at doing things o o o o o
11. Does not smile after he or she finally solves a problem o o o o o
12. Tries to do well in physical activities even when they are hard  o o o o o 
13. Has some difficulty doing things as well as other kids his
or her age o o o o o
14. Completes school work, even if it takes a long time to finish  o o o o o
15. Tries hard to interest adults in his or her activities o o o o o
16. Likes sports and tries to do them very well o o o o o 
OVER PLEASE 
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__________________________________________________________________________ 
NOT AT ALL  VERY 
TYPICAL TYPICAL 
1 2 3 4 5 
__________________________________________________________________________________________ 
17. Explores all of the ways to solve a problem with a lot of parts
before doing something else o o o o o
18. Gets excited when he or she figures something out o o o o o
19. Tries to get adults to see his or her point of view o o o o o
20. Does things that are hard for kids his or her age o o o o o
21. Is pleased or gets excited when solves a hard problem o o o o o
22. Tries hard to get adults to understand things o o o o o
23. Works for a long time trying to do something hard o o o o o
24. Tries to do well on cause and effect activities like
computer games o o o o o
25. Gets very involved with friends in pretend or fantasy games  o o o o o
26. Repeats sports skills until he or she can do them very well  o o o o o
27. Tries hard to improve throwing accuracy o o o o o
28. Tries hard to make friends with other kids o o o o o
29. Will work for a long time trying to solve a problem for school  o o o o o
30. Likes to talk with other kids and does it often o o o o o
31. Tries to complete games like puzzles even if they are hard  o o o o o
32. Tries to get included with other kids when they are doing
something o o o o o
33. Gives up quickly when adults do not understand o o o o o
34. Looks down or away when tries but cannot do something o o o o o
35. Tries to keep activities going when in a group with other kids  o o o o o
36. Practices skills such as climbing and aerobics to do them well  o o o o o
37. Enjoys discussing things with adults o o o o o
38. Gets upset when doesn’t do well on something o o o o o
39. Avoids getting involved with other kids o o o o o
40. Tries to do well in athletic games o o o o o
41. Smiles when he or she makes something happen o o o o o
42. Avoids looking at others after failing at something he or she
tried hard to do o o o o o
43. Gets excited when he or she is successful o o o o o
44. Gets upset if cannot do something after trying hard o o o o o
45. Tries hard to get better at catching balls or Frisbees o o o o o 
DMQ 17 teen. August 11, 2006 
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Appendix Nine: Dimensions of Mastery Questionnaire Child Self-Report 
Morgan, G. A. (1997). Dimensions of Mastery Questionnaire (Database Record). 
Retrieved from PsycTESTS website: http://www.apa.org/pubs/databases/psyctests/ 
doi:10.1037/t04950-000 
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Motivation Questionnaire – Child-self 
Child’s Age: o Baseline
 -  
Years     Months 
 Today’s Date (dd/mm/yyyy): o Boy o Girl
/ / 
Please shade the circle for the number that best indicates how typical each statement is 
of you.  Consider 3 to be like lots of kids your age.  Kids vary; most are motivated to do some 
things but not others. Please try to answer all questions even if you are not sure. 
__________________________________________________________________________ 
NOT AT ALL  VERY 
TYPICAL TYPICAL 
1 2 3 4 5 
__________________________________________________________________________________________ 
1. I repeat a new problem until I can do it well o o o o o
2. I smile broadly after finishing something o o o o o 
3. I give up if I cannot do physical skills well o o o o o
4. I solve problems quickly o o o o o
5. I give up easily if I cannot do something o o o o o
6. I am a little slow understanding things o o o o o
7. I like to try hard problems instead of easy ones o o o o o
8. I enjoy talking with adults, and try to keep them interested o o o o o
9. If a toy or task is hard to do, I stop trying after a short time  o o o o o
10. I am very good at things o o o o o
11. I do not smile after I make something happen o o o o o
12. I try to do well in physical activities even when they are hard
for me o o o o o
13. I have some difficulty doing things as well as other children
my age o o o o o
14. I complete my school work, even if it takes a long time to
finish o o o o o
15. I try hard to interest adults in doing activities with me o o o o o
16. I like sports and try to do them very well o o o o o 
17. I explore all ways to solve a problem with a lot of parts
before doing something else o o o o o
18. I get excited when I figure something out o o o o o
OVER PLEASE 
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__________________________________________________________________________ 
NOT AT ALL  VERY 
TYPICAL TYPICAL 
1 2 3 4 5 
__________________________________________________________________________________________ 
19. I like to play actively with adults o o o o o
20. I do things that are hard for children my age o o o o o
21. I am pleased or get excited when I solve a hard problem o o o o o
22. I try hard to get adults to understand things o o o o o
23. I work for a long time trying to do something hard o o o o o
24. I try to do well on cause and effect activities like video games
or magic tricks o o o o o
25. I get very involved in pretend play with friends o o o o o
26. I repeat sports skills until I can do them very well o o o o o
27. I try hard to throw balls so I can do it well o o o o o
28. I try hard to make friends with other kids o o o o o
29. I will work for a long time trying to solve a problem for
school o o o o o
30. I like to talk with other kids and do it often o o o o o
31. I try to complete games like puzzles even if they are hard o o o o o
32. I try to get included when other children are playing o o o o o
33. I give up quickly when I play with adults o o o o o
34. I look down or away when I try but cannot do something o o o o o
35. I try to keep play going for a long time when playing with
other kids o o o o o
36. I repeat skills such as climbing and gymnastics so I can do
them well o o o o o
37. I enjoy discussing things with adults o o o o o
38. I get upset when I don’t do well on something o o o o o
39. I avoid getting involved with other children o o o o o
40. I try to do well in athletic games o o o o o
41. I smile when I make something happen o o o o o
42. I avoid looking at others after failing at something I tried
hard to do o o o o o
43. I get excited when I am successful o o o o o
44. I get upset if I cannot do something after trying hard o o o o o
45. I try hard to get better at catching things o o o o o 
DMQ 17 child-self. January 27, 1997 
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Appendix Ten: Dimensions of Mastery Questionnaire Teen Self-Report 
Morgan, G. A. (1997). Dimensions of Mastery Questionnaire (Database Record). 
Retrieved from PsycTESTS website: http://www.apa.org/pubs/databases/psyctests/ 
doi:10.1037/t04950-000 
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Motivation Questionnaire – Teen-self 
Your Age: o Baseline
Years      
 Today’s Date (dd/mm/yyyy): o Male o Female
/ / 
Please shade the circle for the number that best indicates how typical each statement is 
of you.  Consider 3 to be like lots of teens about your age.  Kids vary; most are motivated to 
do some things but not others. Please try to answer all questions even if you are not sure. 
__________________________________________________________________________ 
NOT AT ALL  VERY 
TYPICAL TYPICAL 
1 2 3 4 5 
__________________________________________________________________________________________ 
1. I work on a new problem until I can do it well o o o o o
2. I am pleased with myself when I finish something hard o o o o o 
3. I give up if I cannot do physical skills well o o o o o
4. I solve problems quickly o o o o o
5. I give up easily if I cannot do something o o o o o
6. I am a little slow in understanding things o o o o o
7. I like to try hard problems instead of easy ones o o o o o
8. I enjoy talking with adults, and try to keep them interested o o o o o
9. If a task is hard to do, I stop trying after a short time o o o o o
10. I am very good at doing things o o o o o
11. I do not smile after I finally solve a problem o o o o o
12. I try to do well in physical activities even when they are hard
for me o o o o o
13. I have some difficulty doing things as well as other kids my
age o o o o o
14. I complete my school work, even if it takes a long time to
finish o o o o o
15. I try hard to interest adults in my activities o o o o o
16. I like sports and try to do them very well o o o o o 
17. I explore all of the ways to solve a problem with a lot of parts
before doing something else o o o o o
18. I get excited when I figure something out o o o o o
OVER PLEASE 
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__________________________________________________________________________ 
NOT AT ALL  VERY 
TYPICAL TYPICAL 
1 2 3 4 5 
__________________________________________________________________________________________ 
19. I try to get adults to see my point of view o o o o o
20. I do things that are hard for kids my age o o o o o
21. I am pleased or get excited when I solve a hard problem o o o o o
22. I try hard to get adults to understand things o o o o o
23. I will work for a long time trying to do something hard o o o o o
24. I try to do well on cause and effect activities like
computer games o o o o o
25. I get very involved with friends in pretend or fantasy games  o o o o o
26. I repeat sports skills until I can do them very well o o o o o
27. I try hard to improve my throwing accuracy o o o o o
28. I try hard to make friends with other kids o o o o o
29. I will work for a long time trying to solve a problem for
school o o o o o
30. I like to talk with other kids and do it often o o o o o
31. I try to complete games like puzzles even if they are hard o o o o o
32. I try to get included with other kids when they are doing
something o o o o o
33. I give up quickly when adults do not understand me o o o o o
34. I look down or away when I try but cannot do something o o o o o
35. I try to keep activities going when I am in a group with
other kids o o o o o
36. I practice skills such as climbing and aerobics so I can do
them well o o o o o
37. I enjoy discussing things with adults o o o o o
38. I get upset when I don’t do well on something o o o o o
39. I avoid getting involved with other kids o o o o o
40. I try to do well in athletic games o o o o o
41. I smile when I make something happen o o o o o
42. I avoid looking at others after failing at something I tried
hard to do o o o o o
43. I get excited when I am successful o o o o o
44. I get upset if cannot do something after trying hard o o o o o
45. I try hard to get better at catching balls or Frisbees o o o o o 
DMQ 17 teen-self. May 5, 2000 
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Appendix Eleven: Pediatric Volitional Questionnaire Scoresheet 
Basu, S., Kafkes, A., Schatz, R., Kiraly, A., & Kielhofner, G. (2008). A user's manual for 
the Pediatric Volitional Questionnaire (2.1 ed.). Chicago: Model of Human Occupation 
Clearinghouse, Department of Occupational Therapy, University of Illinois of Chicago. 
Copyright permission was obtained from MOHO Clearinghouse on 16th May, 2014.
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Appendix Twelve: Mastery Motivation - Information for Therapists 
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Mastery Motivation: Information for Therapists 
As part of the COMBiT project, we will be investigating: 
1) the contribution of children’s motivational style on activity and participation
outcomes;
2) the intrinsic personal factors and external environmental factors (including
parenting style, family support and resources) associated with mastery and
motivation.
What is Mastery Motivation? 
Mastery motivation is defined as an intrinsic force that provides incentive and 
encouragement for one to act, explore and to work independently in a persistent and 
task directed way to develop skills, solve problems and master challenging tasks in 
the environment [1]. Clinicians have identified mastery motivation as a critical 
determinant of functioning and achievement in children and youth with disabilities [2-
4]. As such, motivation has been recognised as a critical element in rehabilitation 
programs for children and youth with disabilities. Many clinicians consider it a 
significant influencing factor on motor function, perceiving children who are 
motivated to develop motor skills have increased active participation in intervention 
than children who are not motivated [2, 3]. There remains however, a paucity of 
literature regarding motivational style and factors associated with motivation in 
children with CP and limited evidence of the actual  impact of motivation on activity 
and participation outcomes [2, 5]. 
The defining feature of mastery motivation is persistence in the face of challenge. 
This instrumental aspect motivates a person to attempt, in a focused and persistent 
manner, to solve a problem or master a skill or task which is initially at least 
moderately challenging [1]. Persistence in the face of challenge involves focused 
and purposeful goal behaviour directed at achieving success. To demonstrate this, 
the child needs to be faced with an optimal task challenge where some success is 
possible but where complete success requires persistence, task direction and goal 
oriented problem solving. Focussed effort and time is required to solve the problem 
or master a skill or task which must be at least moderately challenging relative to a 
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child’s developmental level. The core construct is task directed attempts to try to 
solve the problem rather than whether or not it is actually solved. As such, the 
process and the effort the child uses in developing skills not the child’s competence 
or ability to do the task is an important aspect of mastery motivation [1, 6]. 
Pleasure during task directed behaviour and preference for challenge are also 
important aspects of mastery motivation [1]. Task pleasure and conversely negative 
reactions or distress at failure are important expressive aspects of mastery 
motivation whereby the person produces affective reactions (or emotional 
responses) whilst working at a task or just after completing it. 
Measures of Mastery Motivation: A guide for therapists 
Mastery motivation will be measured in this study in three ways: 
1. The Dimensions of Mastery Questionnaire [4] – this has already been
completed by children and their parents prior to therapy intervention.
2. The Pediatric Volitional Questionnaire [7] – an observational assessment
whereby the child’s volition is scored according to the template attached. This
requires therapy sessions to be videotaped so that we are able to measure
the child’s motivation and mastery behaviours when faced with therapy tasks
of varying challenge.  The videos will only be used to examine the child’s task
direction, persistence, volition and affect. We also play snippets of the videos
back to children post therapy block as a prompt when asking them questions
regarding their persistence at challenging tasks and feelings around success
or failure. We will not be using the video footage to evaluate therapy sessions
or use the footage to compare sessions.  Video footage will be stored
securely in the child’s assessment file and will be used for assessment
purposes only for this study. Video footage will not be used for teaching or
promotional material for the project.
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Video footage need only be of the child participating in activities and no 
footage of the therapist is necessary.  Ideally, videoing all of your sessions 
would be most valuable for the study however if that is not possible then the 
following would be sufficient: 
a. Three videos – initial, middle and last session 
b. Each video to be a minimum continuous 20 mins in duration where 
the child is engaged in a single activity or a number of activities 
working on similar challenging goals/tasks/activities. We are 
attempting to measure persistence on a task and the motivation of 
the child when completing the task hence the minimum continuous 
20 mins time frame. 
 
Laura Miller (PhD Scholar and Occupational Therapist) will contact you prior 
to your therapy sessions commencing to discuss the videoing and answer any 
questions you may have. 
 
3. Therapist observations and evaluation of the child’s engagement, 
participation, persistence, task direction and task pleasure during therapy 
sessions. This requires therapists to complete two Likert scales (which should 
only take five minutes of your time) on task persistence and affect at the end 
of each therapy session. 
To assist in completing these scales it is necessary to observe the following 
behaviours during sessions: 
a. Persistence with a challenging problem, skill or task. Observation of the 
amount of task directed behaviour – which includes trying successfully or 
unsuccessfully to solve the problem or master the task – is important in 
evaluating persistence. Greater persistence indicates greater mastery 
motivation.  
b. Embracing rather than avoiding challenge. Choosing challenging tasks in 
preference to easy ones indicates greater mastery motivation. 
c. Displays of positive affect associated with persistence.  Positive displays of 
mastery (task) pleasure indicate higher levels of motivation. 
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d. Were there any tasks in particular where child seemed to be more motivated
to persist/demonstrate enjoyment?
Also observe: 
e. Prematurely requesting help and avoiding challenges which indicate lower
mastery motivation.
f. Any negative reactions  and emotional responses to failure
Recording therapist’s observations and evaluation: 
At the end of every therapy session please circle a number of the scale below to 
indicate the child’s overall level of mastery motivation observed during the session. 
Children will demonstrate differing motivational states over time however please 
evaluate the most common or predominant motivational behaviour observed. This 
will be measured on two scales: (a) The Task Directed and Persistence Scale and 
(b) the Child’s Affect Scale. 
1. The Task Directed and Persistence Scale
Behaviours that demonstrate that the child is task directed and persistent include: 
Task oriented – that is, the child works intently at the intended task. The child tries 
successfully or unsuccessfully to engage in behaviours that lead to solving a 
problem, achieving a solution, or developing a skill. Task oriented behaviour focuses 
on the child’s independent (repeated) attempts toward the goal of mastering the task 
[8] 
Child’s “Own” Task behaviours – that is, the child’s focused and purposeful use of 
equipment and items that are not necessarily what was intended by the therapist but 
are appropriate. This is included to allow for the possibility that children (particularly 
older children) may express their mastery motivation in different ways. The therapist 
should still interpret this behaviour as task directed [8]. 
Behaviours that demonstrate that the child is not task directed include: 
Exploration behaviours (apparatus directed) – that is, the child may be touching, 
holding or manipulating objects or equipment but not in a task directed way. 
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Looking (apparatus directed) - that is, the child looks intently at items or equipment 
but does not actively manipulate or engage with these. 
Therapist / Parent directed behaviours – that is, the child is seeking attention or help 
from therapist or parent. 
Non apparatus directed behaviour – that is, the child is wandering/moving around 
room and/or refusing to participate [8]. 
TASK DIRECTED AND PERSISTENCE SCALE: Key 
1 = LOW levels of mastery motivation indicated by: 
• low levels of persistence
• predominantly NOT task directed behaviours
• hesitant, passive, disengaged
• minimal attempts to master a task or solve a problem
• minimal time devoted to task directed behaviours
5 = TYPICAL levels of mastery motivation. 
Task directed behaviour and persistence is the same as you would expect from a 
typically developing children of the same age. 
10 = HIGH levels of mastery motivation indicated by: 
• highly persistent
• predominantly task directed behaviours
• spontaneous, involved, highly engaged
• numerous attempts to master a task or solve a problem
• substantial time devoted to task directed behaviours
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TASK DIRECTED AND PERSISTENCE SCALE 
Please circle the number which best indicates the child’s overall level of task directed 
behaviour and persistence throughout the day/therapy session. 
HIGH 
MOTIVATION 
TYPICAL  
MOTIVATION 
LOW  
MOTIVATION 
1 2 3 4 5 6 7 8 9 
LOW 
MOTIVATION 
Limited 
attempts at 
task 
Predominantly 
non task 
directed 
behaviour 
Very low 
levels of 
persistence 
Hesitant, 
passive and 
disengaged 
Less 
motivated 
than 
typically 
developing 
peers 
Majority of 
time non 
task 
directed. 
Some 
evidence of 
task 
directed 
behaviour 
Few 
attempts at 
task 
Limited 
persistence 
TYPICAL 
MOTIVATION 
Typical 
persistence 
and task 
directed 
behaviour. 
Equivalent to 
peers of 
similar age 
More 
motivated 
than 
typically 
developing 
peers 
Majority of 
time task 
directed. 
Good levels 
of 
persistence 
Several 
attempts at 
task. 
HIGH 
MOTIVATION 
Numerous/ 
many attempts 
at task 
Predominantly 
task directed 
behaviour 
Very high 
levels of 
persistence 
Spontaneous, 
involved and 
engaged 
1 2 3 4 5 6 7 8 9 
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CHILD’S AFFECT SCALE 
When a child is working on a task, therapists should observe facial expressions, 
vocalisations and gestures. Positive and negative affect should be noted. Task 
pleasure is observed through positive affective expressions such as smiles, laughs, 
or excited looks and gestures displayed while working on the task or immediately 
after having successfully done part of the task. Negative emotions or reactions to 
failure should also be noted [8]. 
CHILD’S AFFECT SCALE: Key 
1 = NEGATIVE affect or minimal task pleasure indicated by: 
• low levels of positive affect
• limited displays of task pleasure
• fussing, whining or crying
• negative affect or negative emotions
5 = TYPICAL positive affect.   
Affect levels and displays of task pleasure same as you would expect from a typically 
developing children of the same age. 
10 = HIGH levels of positive affect and task pleasure indicated by: 
• high levels of positive affect
• numerous displays of task pleasure
• many smiles, laughs, or excited looks and gestures
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AFFECT SCALE 
Please circle the number which best indicates the child’s overall display of task 
pleasure throughout the day/therapy session. 
HIGH 
POSTIVE 
AFFECT 
TYPICAL 
AFFECT 
LOW OR 
NEGATIVE 
AFFECT 
1 2 3 4 5 6 7 8 9 
Limited 
displays 
of task 
pleasure 
Predomin
-antly 
negative 
affect 
Frequent 
fussing, 
whining, 
crying, 
complaini
ng 
Few 
displays 
of task 
pleasure 
Fewer 
displays 
of task 
pleasure 
than 
typically 
develop-
ing peers 
Reduced 
positive 
affect 
Typical 
positive 
affect. 
Typical 
demonstr
ation of 
task 
pleasure 
Equivalen
t to peers 
of similar 
age 
Several 
displays 
of task 
pleasure 
More 
displays 
of task 
pleasure 
than 
typically 
develop-
ing peers 
Higher 
levels of 
positive 
affect 
than 
peers 
High 
positive 
affect 
Numerous 
displays 
of task 
pleasure 
Predomin-
antly 
positive 
Frequent 
smiling, 
excited 
looks, 
laughs 
1 2 3 4 5 6 7 8 9 
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MOTIVATION MEASURES: Therapists Evaluation 
TD =Task Directed Score 
A= Affect Score 
CHILDS NAME: 
Session 
Number and 
Date 
Task Direction 
Score 
(1-9) 
Affect Score 
(1-9) 
Percentage of affected 
Hand Use During 
Session 
(0-100%) 
Session One 
Date: 
Session Two 
Date: 
Session Three 
Date: 
Session Four 
Date: 
Session Five 
Date: 
Session Six 
Date: 
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Appendix Thirteen: The Parenting Scale 
Arnold, D. S., O'Leary, S. G., Wolff, L. S., & Acker, M. M. (1993). The Parenting Scale: A 
measure of dysfunctional parenting in discipline situations. Psychological Assessment, 5(2), 137-
144. doi: 10.1037/1040-3590.5.2.137 
Permission to include the Parenting Scale was obtained from Dr. Susan O'Leary on 28th April, 2014. 
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PARENTING SCALE 
__________________________________________________________________________________ 
At one time or another, all children misbehave or do things that could be harmful, that are “wrong”, or 
that parents don’t like.  Examples include: hitting someone, whining, throwing food, forgetting 
homework, not picking up toys, lying, having a tantrum, refusing to go to bed, wanting a cookie 
before dinner, running into the street, arguing back, coming home late. 
Parents have many different ways or styles of dealing with these types of problems.  Below are items 
that describe some styles of parenting.  For each item, shade the circle under the number that best 
describes your style of parenting during the past 2 months with your child. 
__________________________________________________________________________________ 
1 2 3 4 5 6 7 
Sample item 
At a mealtime… 
I let my child decide o o o o o o o I decide how much my
how much to eat child eats 
1. When my child misbehaves…
I do something o o o o o o o I do something about it
right away later 
2. Before I do something about a problem…
I give my child several o o o o o o o I use only one reminder
reminders or warnings        or warning 
3. When I’m upset or under stress…
I am picky and on o o o o o o o I am no more picky than
my child’s back usual 
4. When I tell my child not to do something…
I say very little o o o o o o o I say a lot
5. When my child pesters me…
I ignore the pestering o o o o o o o I can’t ignore the 
pestering 
6. When my child misbehaves…
I usually get into a long o o o o o o o I don’t get into an
argument with my child        argument 
7. I threaten to do things that…
I am sure I can o o o o o o o I know I won’t actually do
carry out 
8. I am the kind of parent that…
sets limits on what my o o o o o o o lets my child do whatever
child is allowed to do        he or she wants 
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1 2 3 4 5 6 7 
9. When my child misbehaves…
I give my child a o o o o o o o I keep my talks short and
long lecture to the point 
10. When my child misbehaves…
I raise my voice or yell o o o o o o o I speak to my child calmly
11. If saying no doesn’t work right away…
I take some other kind o o o o o o o I keep talking and trying to
of action        get through to my child 
12. When I want my child to stop doing something…
I firmly tell my child to o o o o o o o I coax or beg my child to
stop        stop 
13. When my child is out of my sight…
I often don’t know what o o o o o o o I always have a good idea
my child is doing        of what my child is doing 
14. After there’s been a problem with my child…
I often hold a grudge o o o o o o o things get back to normal
quickly 
15. When we’re not at home…
I handle my child the way o o o o o o o I let my child get away
I do at home        with a lot more 
16. When my child does something I don’t like…
I do something about it o o o o o o o I often let it go
every time it happens 
17. When there’s a problem with my child…
things build up and I do o o o o o o o things don’t get out of hand
things I don’t mean to do  
18. When my child misbehaves, I spank, slap, grab, or hit my child…
never or rarely o o o o o o o most of the time
19. When my child doesn’t do what I ask…
I often let it go or end up o o o o o o o I take some other action
doing it myself 
20. When I give a fair threat or warning…
I often don’t carry it out o o o o o o o I always do what I said
21. If saying “No” doesn’t work…
I take some other kind of o o o o o o o I offer my child something
action        nice so he/she will behave 
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1 2 3 4 5 6 7 
22. When my child misbehaves…
I handle it without o o o o o o o I get so frustrated or angry
getting upset that my child can see I’m 
upset 
23. When my child misbehaves…
I make my child tell me o o o o o o o I say “No” or take some
Why he/she did it        other action 
24. If my child misbehaves and then acts sorry…
I handle the problem like  o o o o o o o I let it go that time
I usually would 
25. When my child misbehaves…
I rarely use bad language o o o o o o o I almost always use
or curse        bad language 
26. When I say my child can’t do something …
I let my child do it anyway o o o o o o o I stick to what I said
27. When I have to handle a problem…
I tell my child I am o o o o o o o I don’t say I’m sorry
sorry about it 
28. When my child does something I don’t like, I insult my child, say mean things, or call my child names…
never or rarely o o o o o o o most of the time
29. If my child talks back or complains when I handle a problem…
I ignore the complaining o o o o o o o  I give my child a talk
and stick to what I said about not complaining 
30. If my child gets upset when I say “No”…
I back down and o o o o o o o I stick to what I said
give in to my child 
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SCORING KEY FOR THE PARENTING SCALE 
All 30 items are scored on a 7 point scale, with low scores indicating good parenting and high scores 
indicating dysfunctional parenting. There are three factors on the Parenting Scale: Laxness (LX), Over-
reactivity (OR), and Verbosity (VB). There are several items that are not on a factor (NF). Items are 
listed below by factor and it is noted whether the “ideal” anchor is on the left (L) or the right-hand (R) 
side. If the “ideal” anchor is on the left, the left anchor is scored 1. If the “ideal” anchor is on the Right, 
scoring is reversed and the right anchor is scored 1 rather than 7. The total score is the sum of all items 
divided by 30. To achieve a factor score, sum the items in that factor and divide by the number of items 
in that factor. 
LX (Laxness) OR (Over-reactivity) VB (Verbosity) NF (No Factor) 
7-L   3-R   2-R   1-L  
8-L   6-R   4-L   5-L  
 12-L   9-R   7-L*   13-R  
 15-L   10-R   9-R*   27-R  
 16-L   14-R   11-L  
 19-R   17-R   23-R  
 20-R   18-L   29-L  
 21-L   22-L  
 24-L   25-L  
 26-R   28-L  
 30-R  
LX SUM    OR SUM    VB SUM       NF SUM   
Factor Score Factor Score Factor Score 
(Sum/11)   (Sum/10)    (Sum/7)  
TOTAL (LX + OR + VB + NF)*    
*Sum all items above, minus scores for Items 7 and 9 (as these load on two factors)
 TOTAL SCALE SCORE (Total/30)   
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COMBiT: Information for therapists 
What is the aim of the COMBiT study? 
This randomised comparison trial aims to determine if a new intervention, 
COMBiT, is more effective than standard therapy care to improve upper limb 
function, independence in daily life skills, societal participation and quality of life for 
school aged children with congenital hemiplegia.  Children will be randomly 
allocated to either COMBiT OR standard therapy.  The principal researcher, 
training therapist, parent and child will be aware to which group the child has been 
allocated.  Assessments of unimanual capacity of the impaired upper limb and 
bimanual performance will be carried out before the intervention, then 12 and 26 
weeks after the intervention. The assessors will be blinded to which group the 
children are allocated.  Children may receive intramuscular injections of Botulinum 
Toxin A to their upper limb prior to study commencement. 
What is the COMBiT intervention? 
COMBiT combines two treatment approaches (1) Constraint Induced Movement 
Therapy (CIMT) involves placing a glove-like splint on the child's unimpaired hand 
during training tasks to encourage greater use of their impaired hand in performing 
a task (the dominant hand becomes an assisting hand); (2) bimanual training (BIM) 
where the child is encouraged to use both hands spontaneously when performing 
tasks. Therapy will be undertaken using a "day camp" model with a Circus Theme 
where children attend in a small group for 10 days over a two week period. CIMT 
will be the therapy used in the first week followed by BIM in the second week. The 
therapy program will run for 6 hours per day for the 10 days. 
What is standard therapy? 
Children who are randomised to receive standard care will be provided with 6 
individual occupational therapy sessions (1.5hrs/week for 6 weeks for a dose of 6 
hours direct therapy and 3 hours for home program development and review) one 
week apart in a hospital or community setting. The theoretical basis will comprise 
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goal directed training where the child will identify 3-5 specific goals that they want 
to improve and the OT will work with the child and family to practice the goals 
using theories of motor learning, goal directed training and family centered 
practice. Families will be provided with a home program to practice goal areas for 
12 weeks (30 minutes practice each day for 6 days/wk for 12 weeks- 36 hours 
indirect therapy) for a total dose of 6 hours direct training; 36 hours of indirect 
training, and 3hrs home program development and review for the standard care 
group.  
What is the study procedure? 
Children with a diagnosis of congenital hemiplegia, aged 5-16 years, who are able 
to cooperate in a group setting and have had no prior upper limb surgery will be 
invited to attend a screening session.  At the screening session the child and their 
parent will be asked what tasks they find difficult with their impaired hand and what 
aims/ functional goals they want to address in their treatment program?   
After study acceptance following screening by the principal researchers, consent 
by the parent and or child, matching into pairs by age and gender, children will 
then be randomly allocated to one of two groups.   
Group 1 will receive a STANDARDIZED OPTIMAL UPPER LIMB TRAINING 
PROGRAM alone while Group 2 will receive a COMBINED CIMT & BIMANUAL 
training program.  The variables that may typically impact on upper limb central 
motor learning are age and gender.  Matching the children into pairs and randomly 
allocating to the two groups will control these variables.   
The experimental design will be implemented as depicted in figure 1 (CONSORT). 
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Figure 1: Flow chart of COMBIT according to CONSORT guidelines 
Experimental design Outcome measures 
 
 
 
 
 
 
Key:-
BoNT-A, Botulinum Toxin A 
UL, upper limb 
TMS, Transcranial Magnetic Stimulation 
DIA, Diffusion Imaging Acquisition and White Matter Fibre Tracking 
fMRI, Functional Magnetic Resonance Imaging 
MUUL, Melbourne Assessment of Unilateral Upper Limb Function 
AHA, Assisting Hand Assessment 
JTTHF, Jebsen Taylor Test of Hand Function 
PA, Physical Upper Limb Assessment 
COPM, Canadian Occupational Performance Measure 
LIFE-H, Assessment of Life Habits 
CHEQ –Children’s Hand Use Experience Questionnaire 
Study Questionnaire* 
CPQoL – Adult, Cerebral Palsy Quality of Life – Adult 
CPQoL-Child, Cerebral Palsy Quality of Life – Child 
DMQ – Parent, Dimensions of Mastery Questionnaire – Parent 
DMQ-Child/Teen, Dimensions of Mastery Questionnaire – Child/Teen 
PSQ, Triple P, Parenting Scale Questionnaire 
PVQPediatric Volitional Questionnaire
Randomisation 
Expect to recruit 30% of eligible 
Not eligible or 
not interested. 
No further 
contact. 
Baseline Measures (T2) 
Predictor Variables measured at Baseline (T2) 
Eligible children:  All children with congenital hemiplegia & UL spasticity 
Aged 5-16 years      No UL surgery 
Screening Measures (T1) 
Screening for eligibility criteria, goals and 
upper limb function 
Baseline (T2)   
Matched for age, gender, side of 
hemiplegia & UL function 
COMBiT ( n=xxx) 
Circus theme day camp in groups 10-12 
5.5hrs x 10 days = 45hrs direct UL 
training. 
5 consecutive days CIMT (glove on 
impaired hand) followed by 5 
consecutive days BIM. 
Total therapy hours = 45hrs 
Standard Care (n= XX) 
Standard Occupational Therapy and 
Physiotherapy Care –  
Individually tailored therapy: 1.5hr 
week, 6 weeks = 6hrs direct therapy 
& 3hrs home program review. 
Home program: 30 mins daily, 6 
days/wk, 12 weeks = 36 hrs indirect 
therapy 
 
12 weeks outcomes data collection (T3) 
TMS, DIA and fMRI 
MUUL 
AHA 
JTTHF 
COPM 
LIFE-H* 
CPQoL – Adult* 
CPQoL-Child* 
CHEQ 
 
12 week & 26 week measures 
(T3 and T4) 
Predictor Variables measured during intervention 
PVQ 
 
26 weeks outcomes data collection (T4) 
Screening and Classification Measures (T1) 
MUUL 
PA 
MACS 
GMFCS 
DMQ – Parent 
DMQ-Child/Teen 
PSQ* 
Predictor variables measured during intervention (T3) 
Post intervention interviews 
*posted to family prior to appointment
Total Assessment Time = 2.5hrs 
 
TMS, DIA and fMRI 
MUUL 
AHA 
JTTHF 
PA 
COPM 
LIFE-H 
CPQoL – Parent 
CPQoL- Child/Teen (8+ yrs) 
Study Questionnaire 
CHEQ 
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What assessment measures will be used? 
 
Baseline assessment:  A task orientated biomechanical assessment of upper 
limb function will be performed for each child by the principal researcher.  This 
assessment will contain the following elements: 
 
1) Clinical measures of impairment tested at screening assessment and/or 
baseline and immediately post treatment follow-up (12 weeks). 
a) Muscle length by passive range of motion (goniometry) “R2” 
b) Spasticity using the modified Ashworth scale (Bohannon 1987) “MAS” 
c) Spasticity and dynamic ROM by a modified version of the Tardieu “R1” 
d) Muscle strength using a dynamometer of grip strength. 
e) Tactile sensation/ sensory acuity:   Moving two point discrimination, 
stereognosis and tactile discrimination on the AUStex.  
2) Measures of upper limb functional limitation (at baseline and each follow-
up) will include: 
a) Unimanual capacity: Melbourne Assessment of Unilateral Upper Limb 
Function: The Melbourne assessment (5-15 years) is appropriate in older 
children.  The Melbourne Assessment will be performed and video recorded 
for independent blinded rating.     
b) Bimanual Co-ordination: Assisting Hand Assessment: The Assisting 
Hand Assessment measures use of the impaired upper limb as an assisting 
hand in bimanual activities. 
c) Upper limb movement efficiency: Jebsen Taylor Test of Hand Function 
3) Measures of Participation and Societal limitation pre and post treatment.  
a) Canadian Occupational Performance measure (COPM): The Canadian 
Occupational Performance Measure (COPM) is designed to measure 
change in the self-perception of occupational performance among clients 
with a variety of disabilities and across all developmental stages (Law, 1990 
and Law, 1991).  The COPM will be performed by the research occupational 
therapist with either the parent for the younger child (seven years and 
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younger) and/or directly with the child and the parents assistance (eight 
years and older). 
b) The Assessment of Life Habits: Four domains will be completed by
caregivers: nutrition, personal care, education and recreation.
c) The Cerebral Palsy QOL Questionnaire- child or Teen (CPQOL): Measures the
child’s perspective of their quality of life (9 years or older) and parents perspective
of their child’s quality of life.
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Providing standard therapy care in COMBiT 
A guide for therapists 
This document provides general information about standard care therapy and SHOULD 
be considered to provide general guidance only, not a rigid recipe therapists are required 
to adhere to. 
What are the aims of standard therapy? 
1) To provide an optimal training program based on functional goals determined
by the child and family (family centered practice), taking into account limitations
in unimanual abilities of the impaired upper limb and use of the limb as an
assisting hand in bimanual activities.  These functional goals will be determined
by the researchers from during baseline assessment.
2) To deliver an optimal training program geared to attainment of functional goals
and improvement of upper limb function, considering the age and interests of
the child.
3) To develop a daily home program of mutually defined functional goals with the
child and family and monitor and progress the program as required.
4) To monitor any unexpected effects/ side effects of the therapy and or
Botulinum toxin A injections as reported by the child and or parents in answer
to specific questions.
5) To accurately record weekly therapy provided, and to ensure parents record
home practice in a daily log book.
How much therapy will be provided as part of standard therapy? 
Therapists will provide one session of therapy per week for six weeks.  Each 
session will last 1.5 hours, with one hour allocated to direct provision of therapy, 
and 0.5 hour to the review and ongoing grading of the child’s home program.  The 
home program will extend beyond the 6 week treatment period for a further 6 
weeks (12 weeks in total).  Therapists are required to contact the child’s caregiver 
via telephone once per week during this “non therapy” period to review the home 
program and provide further suggestions as required. 
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Framework for therapy intervention 
Therapists generally call upon a range of theoretical models to guide treatment 
planning and delivery.  There are a number of general principles which should be 
considered: 
 
Therapy should be goal directed.  The child and caregiver’s goals for therapy will 
be identified during the baseline assessment for the study.  Therapists and families 
will receive a copy of the goals which are integral to planning therapy with the 
family. 
 
Strengths and weaknesses of the child’s upper limb abilities will be identified during 
baseline assessment.  This information along with individual family circumstances 
and the child’s interests will be provided to therapists to guide intervention.  
Therapists may choose to record the child performing their functional goals at the 
commencement of the therapy on video tape, so that they can analyze the activities 
and determine: 
• Specific movements required to achieve the goal 
• Strategies and skills already used by the child in attempting the activity 
• Specific skills that require further practice 
• Potential environmental or task modifications required 
 
Some principles of the upper limb training program to consider 
 
A number of factors need to be considered when planning a therapy program.  
These are outlined below and elements of therapy and treatment principles are 
outlined in Table 1. 
 
1) Overactive agonists/ underactive antagonists:  
Define overactive agonists that need to be worked in their lengthened range, 
encourage use of the antagonists, activation in a range of alignments by choice of 
293
orientation of object and task (touch/target, grasp, transport, release, in hand 
manipulation, bimanual manipulation).  
2) Structure the Environment/task/ use of objects
Child and object placement in physical environment, consider leg/trunk and other 
arm support.  Orientation of the object for grasp to achieve the desired movement 
(wrist extension with supination, size of object to control width of thumb abduction). 
3) Manual guidance for movement quality (should not be used or used in
a limited way only) 
Manual guidance is used only when the child is unable to achieve the desired 
movement (i.e stretching very stiff or short muscles). Firstly place the object/task in 
a position where the desired movement may be easily achieved.  Use manual 
guidance to explain/demonstrate the movement e.g. hand over hand guidance to 
learn to cut with scissors.  Ask the child to perform the movement with minimal 
guidance.  Therapists should aim to reduce their manual guidance to finger tip 
support only and then phase out so that children are performing each activity 
independently. Remember manual guidance is the least desirable form of training 
for imbedded learning (Jeanourod 1990). 
4) Progressing bimanual skill acquisition
The Assisting Hand Assessment is rasch designed; therefore there is a 
hierarchical order of item difficulty which is useful for planning and grading the 
therapy program to progress bimanual skills.  Figure 1 published by Hoare et al 
2010 demonstrates how knowledge of the child’s abilities on the Assisting Hand 
Assessment can be used to determine the aims of treatment, selection of activities, 
use of cognitive based strategies and useful verbal mediators.  The research 
therapists will provide an overall summary of each child’s performance based on 
their baseline assessment e.g. “J is able to stabilize an object using grip but the 
object often slips and is not stable”.  This will provide important information to 
therapists as a starting point to focus intervention.  For therapists not familiar with 
the Assisting Hand Assessment, the research therapists who have conducted the 
assessment on the child will provide a summary and some suggestions as to the 
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next stages of bimanual skill development.  The following diagram may be useful 
for therapists who are familiar with the Assisting Hand Assessment, but this is only 
provided as general information which may assist in your treatment planning and 
progression. 
Figure 1. Using the Assisting Hand Assessment hierarchy to grade treatment. DH = Dominant 
Hand; AH = Assisting Hand.   
From Hoare et al. BMC Neurology 2010, 10:58 http://www.biomedcentral.com/1471-2377/10/58
5) Use a cognitive based approach so that children are actively engaged in
self-instructed training.  This is especially important if children present with obvious 
motor planning difficulties.  Strategies include: 
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a. Encourage child to plan ahead so they do not impulsively use their 
unimpaired hand before thinking about how both hands could be 
used together to complete the task.   
b. Use demonstration before the child attempts a new novel bimanual 
task. Model movements, sequences and strategies and “talk aloud 
(verbal mediators)” these strategies using simple statements. 
c. Encourage child to perform tasks using strategies modeled by 
therapist and talking “out loud” USING the verbal mediators 
d. Break activities down into smaller sequences of tasks if required to 
ensure children experience success. 
 
Two examples of the use of a cognitive based approach with verbal 
mediators were published by Hoare et al 2010 and provide good examples 
of strategies to develop grasp, hold and release skills, and stabilizing 
objects using grip.  These are shown in figures 2 and 3. 
 
Figure 2. Developing grasp, hold and release using a cognitive based approach.  From 
Hoare et al. BMC Neurology 2010, 10:58 http://www.biomedcentral.com/1471-2377/10/58 
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Figure 3. Developing skills to stabilize objects using grip using cognitive based 
approach.  From Hoare et al. BMC Neurology 2010, 10:58 
http://www.biomedcentral.com/1471-2377/10/58 
Table 1:- Elements of therapy and treatment principles 
Elements of therapy Treatment principle 
 Stretching of agonists Sustained stretching of the agonists (overactive or 
dynamically short muscles) by sustained stretch to prepare 
for active training in the lengthened range 
 Active training of 
antagonists in the 
lengthened range of the 
agonists 
Reaching tasks orientated to gain active control in the 
outer range of the wrist extensors, elbow extensors, finger 
extensors, supinators. 
Strengthening of the 
antagonists 
Lifting gradually heavier objects, resistance to active 
movements (theraband). Movements at faster velocities. 
(note all functional tasks are antigravity, so that is the 
minimum resistance). 
Training appropriate  
recruitment of muscles 
Train activation of the correct muscles (design task, object 
orientation, verbal feedback). Train use of appropriate 
force (use of a squashy cup, lightweight object etc). Screen 
overuse of muscles to compensate for lack of recruitment / 
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weakness of others) 
Refinement of grasp Use of grasp of different sized objects to enhance grasp 
strategies, (thumb abduction, hand opening), visual and 
verbal cues and feedback to improve components of grasp 
E.g. use of appropriate force with a squashy cup. 
Power grasps On tools (cutting, eating, toothbrush, brush, hammer etc) 
Refinement of release Initially stabilized by a supporting surface, lightweight 
voluntary release (cotton balls), release and accurate 
placement.  Use of tweezers to grasp and release objects. 
In hand manipulation:- 
• shift skills
• simple rotation
• complex rotation
• translation with or
without stabilization
• complex shift skills
Practice of in hand tasks, initially in contact with an 
external surface and later within hand (fasteners on 
clothing, shift skills manipulating paper for cutting, handling 
money). Position crayon, pencil for use, open small screw 
top bottle. Open a screw top bottle, manipulate a bead for 
threading. 
Finger feeding, squeezing cheese sticks, pushing up a 
straw in a popper. Hiding an object in the hand. 
Moving a coin from the hand to the fingertips for 
placement. As skills improve grade by decreasing time 
requirements. 
9. Bimanual skills Cutting, cards, opening jars, stabilizing objects for power 
grasp, holding small containers, while placing objects in 
side container with other hand, keyboard activities.  See 
above guidelines for advancement of bimanual skills. 
10. Incorporation of grasp,
reach and manipulation 
training into  
activities of daily living 
Training of components of goals (defined at outset of 
program) i.e. pulling arm through sleeve, buttons, zippers, 
drink from a cup, use of cutlery, grooming, cutting 
This table is provided as support material only. From R Boyd PhD thesis 2005 
Other therapy strategies 
The use of splinting for night time stretching or neoprene thumb abduction  may be 
considered to meet child/family goals. Rigid splinting and casting during the daytime 
should be minimized in order to focus on active use of the impaired hand.  
 Recording the therapy program 
We ask therapists involved in delivering the standard care therapy to record details 
of each therapy session.  We understand that standard care may look different 
across different health care settings and with different therapists, therefore this is 
important for us to understand and report the variations in therapy that are 
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delivered as standard care in this study. A therapy log form is attached to this 
document for reporting purposes. 
 
Developing the home program with families 
In participating in the study parents have committed to carry out the intervention to 
which they were allocated.  As part of standard care therapy, we ask families to 
participate in 30 minutes of daily home practice for 6 days per week for 12 weeks. 
Some principles to consider when developing the home program with the family 
are: 
 
• Based on the work by Novak 2009, home programs should focus on the 
goals of interest and importance to the family and child and successfully rely 
upon:  
o Collaborative relationships between the child and family and therapist 
o Mutually agreed goals 
o Use of therapeutic activities that focus on goal achievement 
o Support families through education and progress updates to sustain 
motivation 
• Discuss the family’s routine and how the home program could be 
incorporated into this routine.  Some families may prefer to develop a 
timetable outlining specific tasks and activities that will be completed each 
day during the week. 
• Discuss how others within the family’s network may be able to assist with 
the home program e.g. grandparents, older siblings, school personnel. 
• Consider providing specific activities to be completed at home as part of the 
home program if this strategy is of interest to child and family e.g. craft 
activities 
• Discuss toys/games and potential interests the child has at home which 
could be included in the program to achieve the mutually agreed goals. 
• Consider rewards and reinforcers for when the child completes their daily 
program e.g. time to play on the computer, playstation, DS etc.  Or use of 
reward stickers for each day practiced with a “special” reward at the end of 
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the week when 6 stickers have been achieved.  Including the child in 
determining rewards will help motivate their participation. 
• Provide instructions to parents to incorporate successful strategies used in
therapy into the home program (e.g. use of problem solving and verbal
mediators).  Guidelines for developing learning strategies for the child are
detailed below based on the 4QM –Four-Quadrant Model of Facilitated
Learning (Greber 2007).
• Record daily practice.  Families are asked to complete a daily log of home
practice.  This is attached to this document and will record the type of
activities done and the amount of time spent on each activity. Families will
receive this log at the commencement of the therapy program. Caregivers
should bring this log to every therapy session.  Therapists need to ensure
the log is being kept and help to complete it in therapy sessions if required.
• Re-evaluate weekly the home program with the family if the desired amount
of time is not achieved, problem solve to determine how the program could
be modified to fit within the family’s routine/lifestyle.
• Following the first six weeks of individual therapy, therapists should contact
the family weekly via telephone, email or a mutually agreed manner to
discuss the home program, and provide suggestions to modify as required.
We envisage this may take around 15 minutes/week. The aim is to
encourage families to continue with their home program for the next six
weeks after the individual therapy has been completed, and to update and
maintain the relevancy of the home program for the child and family.
4QM –Four-Quadrant Model of Facilitated Learning (Greber 2007). 
(See supplementary article) 
Quadrant 1:  
Explicit instruction/explanation – telling the child what to do or how to do it 
Using demonstration to show the learner how to do the task 
Physical patterning – using manual guidance to move the child’s body to perform 
the task 
Type of questions: e.g.  What do you do next? OR Put your arm through the sleeve 
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 Quadrant 2:  
Higher order questions that encourage children to problem sold e.g. Why do you 
think that happen? How could you do that differently? 
Feedback – to shape future task attempts eg. “you got the tag to the back that time” 
“uh oh, you didn’t put your helper hand in the sleeve first” 
Physical prompts: to facilitate initiation of movement or correct inefficient 
movement. 
Non verbal prompts: gestures that give information about performance e.g. 
pointing to the tag on a shirt to remind how to orient when dressing. 
 
Quadrant 3: 
Priming: rehearsing with the aim of preparing for activity performance eg. doing a 
“dry run” before actually doing the activity. 
Mnemonics: using rhymes, songs or acronyms to remind of the steps in an activity 
Verbal self instruction: talking out loud as the task is completed 
Visual cues: pictures/symbols to use as reminders 
 
Quadrant 4: 
Mental imagery: imagine self doing the activity before attempting it. 
Problem solving: actively finding solutions to difficulties with performance. 
Self instruction: “invisible” mental process of talking self through activity 
Questioning: “Invisible” mental process of reflecting on performance 
Monitoring: “Invisible” mental process of evaluating performance throughout its  
duration. 
Automaticity: FINAL STAGE where performance occurs instinctively without need 
for much attention or thought.  
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CHILD PROFILE (provided by the Researchers) 
Name:  Age:  
Functional goals identified by:  child   caregiver  caregiver + child 
1. 
2. 
3. 
4. 
5. 
Problem areas identified by the Melbourne Assessment 
Current level of bimanual performance (Assisting Hand Assessment) 
General Arm Use  
Coordination 
Grasp/Release 
Fine Motor adjustments 
Other Comments 
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COMBiT – Standard Care 
Therapy Log: Direct Training with the Therapist 
Child’s name: 
Start date: 
Thank you for helping to complete this log of standard care therapy.  This is 
important for us when evaluating the impact of standard care and defining the 
elements of therapy each child received. 
The therapy log will include: 
• The date
• A list of the activities completed
• Time spent (in minutes) on each activity OR number of repetitions of activity
• The goal the activity was used to address
• Comments on how the child responded, improvements noted, strategies
used.
• Please photocopy additional pages as required
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THERAPY LOG 
Date Activities Time 
(mins) 
and/or 
# of 
reps 
Goal Comments 
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COMBiT: Standard Care 
Daily Log: Home Practice 
Child’s name: 
Start date: 
Thank you for helping to complete this daily log of home therapy practice.  This is 
important for us when we evaluate the program and how feasible it is for you to 
include this in your daily routine and how it has helped to achieve your child’s 
goals.  We would be grateful if you could bring this log with you to each therapy 
visit. 
Below is an example of how you fill in the daily log.  You will need to indicate: 
• The date
• Where therapy was done (location) and with whom
• A list of the activities completed and the time spent (in minutes) on each
activity
• Comments on your child’s response to the activity, any changes you have
noticed, any difficulties your child experienced.
If you are experiencing any difficulties in completing the home program or with 
specific activites, please do not hesitate to contact your therapist: 
 on tel: 
Example of completing the daily log: 
DAILY LOG – WEEK 1 
Date: Monday 1st December Location         home 
With whom     mum 
Activities     
Tying 
shoelaces 
Catching a 
ball 
Cutting with 
knife 
Time 
10 mins 
15 mins 
10 mins 
Comments 
Did the first knot by himself and needed help for the 
rest.  Practiced 3 times. 
Practiced with dad; reaching up high with two hands to 
catch football.  Really keen.  Catching about 50% of 
balls thrown to him 
At dinner, used his knife to cut soft vegetables with no 
help.  He used the nonslip mat and it was really 
helpful. 
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DAILY LOG – WEEK 
Date: Location  
With whom    
Activities    Time Comments 
Date: Location  
With whom    
Activities    Time Comments 
Date: Location  
With whom    
Activities    Time Comments 
Date: Location  
With whom    
Activities    Time Comments 
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Date: Location  
With whom    
Activities    Time Comments 
Date: Location  
With whom    
Activities    Time Comments 
Date: Location  
With whom    
Activities    Time Comments 
Date: Location  
With whom    
Activities    Time Comments 
307
Appendix Fifteen: Co-Authored Paper 
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What this paper adds 
 A distributed model of occupational therapy augmented with a home program is equally
effective as the same dose of intensive group-based upper limb therapy to improve
unimanual, bimanual and individualised outcomes.
 Therapists and families have choices in how therapy addressing upper limb function for
children with unilateral cerebral palsy can be delivered.
 Therapy of greater than 30 hours is likely required to yield clinically meaningful long-term
changes in upper limb motor outcomes.
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Abstract 
Aims: To determine whether short term intensive group-based therapy combining modified 
constraint induced movement therapy and bimanual therapy (hybrid-CIMT) is more effective 
than an equal total dose of distributed individualized occupational therapy (SC) on upper 
limb motor and individualized outcomes.  
Method: Forty-eight children with unilateral CP (69% males, mean age 7.8 SD 2.3 years, 
MACS I=24; II=23) were randomly allocated to hybrid-CIMT or SC. Hybrid-CIMT was 
delivered in groups intensively over two weeks. SC comprised six weekly occupational 
therapy sessions and 12-week home program. Outcomes were assessed at baseline, 13 and 26 
weeks post-treatment.  
Results: Groups were equivalent at baseline. SC achieved greater gains on satisfaction with 
occupational performance post-intervention (EMD -1.2, 95% CI -2.2, -0.1; p=0.04) and 
Assisting Hand Assessment (AHA) at 26 weeks (EMD 3.1, 95%CI 0.2, 6.0; p=0.04). Both 
groups demonstrated significant improvements in dexterity of the impaired UL, bimanual and 
occupational performance over time. Differences between groups were not clinically 
meaningful. 
Interpretation: Children benefited from either model of therapy suggesting family 
preference and service availability can be accommodated in decisions about delivery method.  
Group-based intensive camps may not be readily available, however, individualized SC 
augmented with a home program offers an effective alternative. 
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Introduction 
Children with unilateral cerebral palsy (UCP) present with varying degrees of upper 
limb (UL) motor and sensory impairment, impacting day to day occupational performance, 
societal participation and quality of life (SkÖLd, Josephsson, & Eliasson, 2004). Our updated 
systematic review of UL rehabilitation approaches for UCP identified growing evidence for 
intensive therapy models based on contemporary science, such as constraint induced 
movement therapy (CIMT), bimanual therapy including Hand Arm Bimanual Intensive 
Training (HABIT), and hybrid-CIMT combining both approaches (Sakzewski, Ziviani, et al., 
2014). To date, 23 randomized controlled trials (RCTs) of CIMT (16 studies; n=573), HABIT 
(1 study: n=20), and hybrid-CIMT (6 studies; n=204) have been compared to an equivalent 
(60 to 90 hours) or lesser dose of another therapy approach. Each intensive therapy approach 
was superior to standard care, however, there were minimal differences between equivalent 
doses of unimanual and bimanual therapy, as both improved UL outcomes to a similar extent 
(Sakzewski, Ziviani, et al., 2014). 
Significant variation has been reported in therapy context, dose and density 
(Sakzewski, Ziviani, et al., 2014). Models can be described as short length (two to four 
weeks), high frequency (two to seven sessions per week) and duration (1.5 to six hours per 
session) (Charles et al., 2006; Gordon et al., 2011; Sakzewski et al., 2011b), or long length 
(five to 10 weeks), low frequency and duration (distributed model) (Eliasson, Shaw, Berg, & 
Krumlinde-Sundholm, 2011; Hoare et al., 2013; Wallen et al., 2011). Therapy has been 
provided on either an individual basis or in groups with 1:1 or 1:2 therapist child ratio. Group 
models are reported to enhance motivation and allow children opportunities to problem solve 
with peers (Gilmore et al., 2010; Zielinski, Jongsma, Baas, Aarts, & Steenbergen, 2014). To 
date, there has been no direct comparison of intensive group therapy with distributed models 
of individualized UL therapy for children with UCP. 
The COMBiT (combined modified CIMT and bimanual training, hybrid-CIMT) study 
was a pragmatic single-blind matched-pairs RCT comparing efficacy of hybrid-CIMT in 
groups to an equal dose of distributed individualized standard care occupational therapy (SC). 
The primary hypothesis was that a short length, high frequency/duration group model of 
therapy, hybrid-CIMT would reduce UL activity limitations (improve unimanual capacity 
and bimanual performance) to a greater extent than a distributed model of individualized SC. 
Secondarily, children receiving hybrid-CIMT would have greater gains in performance of and 
satisfaction with occupational goals. 
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Methods 
Participants 
Full ethical approval and trial registration were obtained (Boyd et al., 2013). Children 
were recruited across regional and metropolitan areas in Queensland, Australia. Written 
informed consent was obtained from parents, and youth 12 years or older, and verbal assent 
from younger participants. 
Children were eligible for inclusion if they had: i) UCP and aged five to 16 years; ii) 
the ability to follow instructions; iii) predominant spasticity with Modified Ashworth Scale 
(MAS) grade >1 and ≤ 3 for wrist flexors, forearm pronators and/or thumb adductors 
interfering with UL function. Children were ineligible if they had: i) predominant dystonia 
and/or muscle contracture (MAS >3); ii) previous UL orthopaedic surgery.   
Design and Procedure 
Children were matched in pairs according to age, gender and Manual Ability 
Classification System (MACS) level (Eliasson et al., 2006). Children were then randomized 
in pairs using a computer-generated list of random numbers placed in concealed envelopes 
opened by non-study personnel. Outcomes were measured at baseline then at 13 weeks (post 
intervention) and 26 weeks (retention). The 13 week follow up reflected the end of the 
intervention period for the SC group and ensured an equivalent post intervention time point 
for both groups. The primary outcome measures were videotaped and scored in random order 
by trained occupational therapists masked to group allocation.  
Sample Size 
A sample size of 25 participants in each group (total 50) was calculated to have at 
least 80% power to detect a 7 point difference (10% of anticipated control group mean at 
baseline) in the scores on the Melbourne Assessment of Unilateral Upper Limb Function 
(Randall et al., 1999) (MUUL) between groups (two sided test at 0.05 significance).  
Interventions 
Therapy content has been described in detail in the study protocol (Boyd et al., 2013). 
Features of both interventions included activity based goal directed UL therapy using 
principles of motor learning. Collaborative goal setting with the child and family occurred 
during baseline assessment to determine therapy priorities. The two interventions aimed to 
achieve the same total dose of therapy but differed in length, frequency, duration and 
therapist to child ratio. 
Hybrid-CIMT was delivered in a community facility (circus themed) using a day camp format 
for six hours per day over 10 days (two week period) in groups of 10 to 15 children. The first 
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week (five days) used mCIMT, followed by five days of bimanual therapy. In the mCIMT 
week, the unimpaired arm was constrained using an individually tailored glove described 
previously (Boyd et al., 2013). All therapeutic activities were performed predominantly with 
the impaired hand. During circus aerial activities, the gloves were removed and fingers of the 
unimpaired hand taped with Elastoplast to simulate the glove. The glove was only removed 
for toileting and aerial circus activities. During the second week a bimanual approach focused 
on activities requiring coordinated use of both hands using repetitive task practice of 
bimanual activities. Results from the baseline Assisting Hand Assessment (AHA) and 
understanding of the item hierarchy informed specific treatment activities and strategies 
(Boyd et al., 2013; Hoare et al., 2013). The groups were led and supervised by five 
occupational therapists and one physiotherapist, supported by volunteer therapists and 
therapy students with a therapist child ratio of 1:2. Therapy comprised 4.5 hours per day of 
direct UL therapy (including goal directed training, fine and gross manipulation: total 45 
hours) and 1.5 hours/day of indirect therapy in more general gross UL activities (such as 
parachute and ball games) and group debriefing. Further details of the hybrid-CIMT 
intervention are outlined in detail in the study protocol (Boyd et al., 2013). 
Individualized SC comprised an individualized and distributed model of occupational therapy 
of 6 sessions each of 1.5 hours duration over a six week period. The weekly sessions included 
one hour of therapy provided by a pediatric occupational therapist directly with the child, and 
0.5 hour for home program development and demonstration with a total dose of nine hours of 
direct therapy. Home programs addressed parent/child identified functional goals, with the 
aim of 30 minutes of daily practice, six days per week for 12 weeks with a total dose of 36 
hours of indirect UL therapy. The amount of home practice was specified to achieve a 
comparable dose of therapy to the hybrid-CIMT group with a total dose of direct and indirect 
UL therapy of 45 hours. Standard care was provided by 16 hospital and community-based 
therapists, experienced in providing therapy to children with UCP. A detailed manual 
outlining delivery of individualized standard care was provided to clinicians (available from 
authors on request) (Boyd et al., 2013). The manual provided information regarding 
frameworks and principles for therapy, a therapy log for clinicians to record elements of SC 
therapy the child received, and home practice daily log for completion by parents. 
Outcome Measures 
Classification and description of the sample 
Children’s abilities to handle objects in daily activities were classified using The 
Manual Ability Classification System (MACS) (Eliasson et al., 2006). The Gross Motor 
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Function Classification System (GMFCS) classified children’s abilities to carry out self-
initiated movements related to sitting and walking across 5 levels (Palisano et al., 1997).  
Primary Outcomes 
Primary outcomes were the MUUL (Randall et al., 1999) to measure quality of 
movement of the impaired UL, and AHA (Krumlinde-Sundholm, Holmefur, Kottorp, & 
Eliasson, 2007) to measure bimanual performance. The MUUL has good construct and 
content validity, internal consistency, and inter-rater, intra-rater and test-retest reliability is 
very high for total test scores. The MUUL was reported as a percentage. The smallest 
detectible difference (SDD) ranges from 7.4 to 8.7% (Klingels et al., 2008; Sakzewski et al., 
2011b). The AHA is a Rasch analysed performance measure of bimanual function examining 
the effectiveness with which a child with a unilateral impairment typically uses their impaired 
hand in bimanual activities. Inter-rater and intra-rater reliability is high for summed scores 
(Krumlinde-Sundholm et al., 2007). The school kids board game version was used. Scores 
are reported as logit-based AHA units with a SDD of 5 units (Eliasson et al., 2013). The 
MUUL and AHA were videotaped and scored by trained occupational therapists masked to 
group allocation and order of assessments. 
Secondary Outcomes 
The Canadian Occupational Performance Measure (COPM) is a standardized 
individualized client centred measure evaluating self-perception of occupational performance 
(Law et al., 2005). The COPM has demonstrated responsiveness to change in paediatric 
clinical trials (Aarts et al., 2010). A two point change on COPM performance is considered 
clinically significant (Law et al., 2005). Caregivers and children together identified and 
prioritized three to five goals in daily occupational performance across domains of self-care, 
leisure and productivity, rating performance and satisfaction on a scale from one to 10. Speed 
and dexterity of the impaired UL was evaluated using the Jebsen Taylor Test of Hand 
Function (JTTHF). The total time to complete six timed tasks was recorded with higher 
scores representing slower performance. Each task was capped at 120 seconds to avoid 
frustration with a maximum possible total score of 720 seconds. The Box and Blocks Test was 
used to measure gross manual dexterity (Mathiowetz, Federman, & Wiemer, 1985). Children 
were required to move as many wooden blocks from one side of a divided wooden box to the 
other in 60 seconds. The Children’s Hand-use Experience Questionnaire (CHEQ) is a parent 
report Rasch analysed questionnaire comprising 29 items of independence in typical daily 
bimanual activities (SkÖLd, Hermansson, Krumlinde-Sundholm, & Eliasson, 2011). The 
degree to which a child used his/her impaired UL to either stabilize or grip items during 
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bimanual activities were determined as a percentage of activities completed independently.  
Statistical Analysis 
Analyses were on an intention-to-treat basis according to CONSORT (Schulz, 
Altman, & Moher, 2010) guidelines using STATA 11 (StataCorp 2007). Baseline data from 
each outcome measure were summarized for each treatment group and descriptive statistics 
calculated. A significance level of 0.05 (two-tailed) was used. The a priori primary 
comparison was at 26 weeks between groups on the MUUL and AHA used generalized linear 
models, with interaction terms for time and treatment. Secondary outcomes were compared 
between groups using generalized linear models. The CHEQ data were highly skewed. Power 
transformation with the exponent estimated using a goodness of fit measure failed to 
adequately normalise the data. Comparisons between groups used Wilcoxon Rank Sum Test 
and within groups using Wilcoxon Sign Rank Test. 
Results 
Fifty children were matched in pairs and allocated to each treatment group (25 in each 
group). Three additional unmatched children were randomized and allocated to the hybrid-
CIMT group leading to 28 children allocated to hybrid-CIMT and 25 to individualized SC. 
Six children withdrew from SC and three from hybrid-CIMT. Twenty-five children 
completed hybrid-CIMT and 19 individualized SC (Figure 1 CONSORT Flow Chart). 
Retention at 13 and 26 weeks follow up was 96% for hybrid-CIMT and 94% and 100% 
respectively for SC. 
Adverse Events 
There was one moderate adverse event. One child (hybrid-CIMT) had a seizure due to 
fever, which was unrelated to the therapy.  
Baseline Comparisons 
There were no baseline differences between groups on any measure (Tables 1 and 2). 
The majority of children received minimal concurrent therapy.  
Dosage of Therapy 
Overall, 56% of children in the hybrid-CIMT group (14/25) received the allocated 45 
hours of direct UL therapy. A further 24% received between 40 and 45 hours, 12% between 
35 and 39 hours and two children received less than 30 hours, all due to illness. For the SC 
group, 95% of children received the allocated six individualized OT sessions with one child 
(5%) receiving five sessions due to illness. Thirteen (68%) children in SC completed home 
practice therapy logs with an average of 20.9 hours (SD 10.7 hours) home practice completed 
over 12 weeks (range 4.5 to 39.8 hours).  
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Concurrent Therapy 
Three children in each therapy group received UL BoNT-A injections and additional 
therapy between completion of intervention and 13 week follow-up and between 13 and 26 
weeks.  
Primary Outcomes 
For the primary hypothesis there was a significant group by time interaction on the 
AHA at 26 weeks favouring SC (estimated mean difference EMD 3.1, 95% CI 0.2-6.0; 
p=0.04) (Table 3). Both groups demonstrated statistically significant but not clinically 
meaningful gains on the AHA between baseline and 13 weeks (EMD 2.8, 95% CI 0.8-4.7; 
p=0.005 for hybrid-CIMT and EMD 3.1, 95% CI 0.9-5.3; p=0.006 for SC). These 
improvements were only retained by SC group at 26 weeks. Differences between and within 
groups were not clinically meaningful. There were no significant between or within group 
differences on the MUUL. 
Secondary Outcomes 
There was a significant group by time interaction on COPM satisfaction at 13 weeks 
favouring SC group (EMD -1.2, 95% CI -2.2 to -0.1; p=0.04). This difference was neither 
clinically meaningful nor maintained at 26 weeks. There were no other differences between 
groups at any time point on secondary outcomes as both groups reported similar 
improvements baseline and each follow-up. Gross manual dexterity of the impaired UL (Box 
and Blocks Test) improved between baseline and 13 weeks for both hybrid-CIMT (EMD 3.1, 
95% CI 0.8-5.5; p=0.008) and SC (EMD 3.9, 95% CI 1.8-5.9; p<0.001) groups. Both groups 
made significant gains in UL dexterity (JTTHF) between baseline and 13 weeks EMD -48.5, 
95% CI -77.9, -19.1; p=0.001 for hybrid-CIMT and EMD -59.5, 95% CI -93.5, -25.5; 
p=0.001 for SC) which continued to improve to 26 weeks. There were no within group 
changes in daily task activity performance on the CHEQ. 
Discussion 
This study investigated whether a “high density therapy” (short length, high frequency 
and duration) group hybrid-CIMT therapy was superior to an equivalent total dose of “low 
density therapy” distributed model of individualized occupational therapy augmented by a 
home program to improve UL and individualized outcomes in children with UCP. Overall 
there were only small differences between the two models as both achieved similar 
significant gains over time. Individualized SC led to greater changes in satisfaction with 
occupational performance immediately post therapy and bimanual performance at 26 weeks 
however, the extent of these differences was not clinically meaningful. Each model of 
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therapy led to improved dexterity of the impaired UL, and increased parent reported 
performance of and satisfaction with occupational performance goals. Results provide 
therapists and families with a choice in how therapy can be effectively delivered, 
accommodating family preferences, child and contextual factors. 
Both models of therapy led to similar immediate changes in bimanual performance, 
however, the extent of changes were not clinically meaningful. This conflicts with findings 
from other studies of group based or individualized UL therapy which achieved clinically 
meaningful changes in bimanual performance over time (Aarts et al., 2010; Gordon et al., 
2011; Hoare et al., 2013). Differences in the extent of treatment effect on bimanual 
performance may be attributed to higher total doses (60 hours to in excess of 126 hours) of 
therapy and younger age group of participants. Similar to previous studies, there was 
considerable inter-participant variability in response to each therapy (Hoare et al., 2013; 
Sakzewski et al., 2011b).  
Sustained gains in bimanual performance by the SC compared to hybrid-CIMT group 
in this study may reflect the differential use of goal directed home programs in each model. 
Unlike children receiving SC, those in hybrid-CIMT did not receive a home program so to 
ensure that both groups received the same dose of therapy. This may, however, have 
impacted the generalization and maintenance of gains demonstrated at 13 weeks post therapy 
by the hybrid-CIMT group in the longer term at 26 weeks. Sustained practice over a period of 
weeks with regular incremental changes through home practice (especially if this transfers 
into embedded family routines) may be essential in achieving retention of motor learning and 
skill acquisition. Children in hybrid-CIMT were able to address bimanual coordination in 
week two of the day camp, with 30 hours of therapy focused on bimanual practice. Previous 
studies of HABIT, a more structured form of bimanual therapy, have found that when all 
aspects of therapy were held constant except for dose, children receiving 90 compared to 60 
hours of therapy achieved sustained changes in bimanual performance to 26 weeks (Gordon 
et al., 2011; Gordon et al., 2007).  
In this pragmatic RCT, 57% of children in SC received less than 50% of the 
anticipated home practice dose. This is similar to other studies that reported the actual 
amount of home practice was less than anticipated (Hoare et al., 2013; Wallen et al., 2011). 
Approximately 40% of families did not complete therapy log-books in the present study. 
Reports of home practice in completed log-books in conjunction with weekly OT sessions 
suggested on average participants received around 30 hours of intervention. This amount 
appears insufficient when compared to other studies that used distributed models of therapy 
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with doses in excess of 40 hours with resultant clinically meaningful changes in bimanual 
performance (Eliasson et al., 2011; Hoare et al., 2013).  
Compared to previous studies of mCIMT or hybrid-CIMT, we did not limit inclusion 
based on severity of hand impairment (Charles et al., 2006; Gordon et al., 2011). This meant 
a number of children presented with the ability to use their impaired UL to stabilise by weight 
or support during bimanual activities, but minimal ability to hold or actively grasp. For these 
children, the therapist to child ratio of 1:2 in the hybrid-CIMT group may not have been 
adequate and density of practice may have been impacted. Additionally, for children with 
very limited hand function, there was a restricted choice of age appropriate activities, which 
was problematic when providing mCIMT in a group context using this day camp model. 
Longer length, shorter duration models of mCIMT with 1:1 therapist to child support may be 
more appropriate (Eliasson et al., 2005). Alternately, for children with limited hand function, 
bimanual therapy allowed a greater variety and choice of activities, was potentially less 
frustrating and may have been more appropriate to address limitations in UL function. 
Despite having a relatively large sample size compared to other studies (Eliasson et 
al., 2011; Gordon et al., 2011) our study was moderately underpowered at follow up falling 
short of our proposed sample by eight participants. Given the variability in performance in 
this group of children, a larger sample size may have detected differences between the two 
therapy models. Our sample size was powered on the ability to detect differences on the 
MUUL, however, we would recommend detecting differences on bimanual co-ordination 
(AHA) is more meaningful as there are questions regarding the sensitivity of the MUUL to 
detect clinically meaningful change following UL interventions (Sakzewski, Ziviani, et al., 
2014). The timing of assessments at 13 weeks for the first follow-up was chosen as it 
corresponded with the end of the distributed model of individualized SC. This meant that 
children receiving hybrid-CIMT were not re-assessed immediately post intervention. A time 
point closer to the end of the intervention period may have captured greater changes. Given 
the resource intensive nature of the hybrid-CIMT group, however, understanding the longer 
term maintenance of gains (26 weeks) in performance is likely more meaningful and 26 
weeks was chosen a priori as our primary analysis time point (Boyd et al., 2013).  
The relative costs of implementing each model of therapy have not been quantified 
and require further investigation. Intensive group based therapy as described in this study 
require a greater time commitment from service providers, families and children, space and 
multiple therapy resources compared to individually delivered occupational therapy.  
Distributed models of therapy delivery augmented with a home program are more reflective 
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of current clinical practice and may therefore be easier to implement than intensive group 
programs. 
Conclusion 
Our randomized comparison trial demonstrated improvements for both groups and 
minimal differences between contemporary group-based intensive UL therapy using hybrid-
CIMT and a distributed model of individualized occupational therapy. Individualized 
occupational therapy supplemented with evidence based home program or an intensive group 
based model of UL therapy provided adequate dose of upper limb therapy to yield changes in 
movement efficiency of the impaired UL and achievement of individualized outcomes. Inter-
participant variability for improved bimanual performance suggests that for some children, a 
higher dose of practice is required with either of these models of intervention to achieve 
sustained improvements. These findings provide occupational therapists with choice for 
families and children in how UL therapy can be delivered according to the child’s ability and 
family circumstances and preferences. 
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Table 1 
Participant demographics and baseline characteristics of Hybrid-CIMT and Individualized 
SC groups 
Characteristics Hybrid-CIMT  
(n=27 ) 
Individualized SC 
(n=20) 
Age, mean (SD) 
Gender, male n (%) 
Side of hemiplegia, left, n (%)  
Motor type, spasticity, n (%) 
Epilepsy, n (%) 
Learning disability, n (%) 
8.0 (2.5) 
18 (67%)  
13 (48%) 
26 (96%) 
2 (7%) 
4 (14%) 
7.6 (2.0) 
14 (70%) 
10 (50%) 
20 (100%) 
2 (10%) 
3 (15%) 
MACS, n (%) 
Level I 
Level II 
Level III 
GMFCS, n (%) 
Level I 
Level II 
 
12 (44%) 
15 (56%) 
0  
 
18 (67%) 
9 (33%) 
 
12 (60%) 
8 (40%) 
 
 
16 (80%) 
4 (20%) 
School 
Typical school, n (%) 
Special school, n (%) 
  
27 (100%) 
0 
 
20 (100%) 
0  
Grip strength (kg), mean (SD)    
Stereognosis (/9), median (IQR) 
M2PD (mm), median (IQR) 
4.0 (4.4) 
5 (3-7.3) 
2.5 (2-6) 
4.8 (4.8) 
4 (0-9) 
2.5 (2-4.8) 
Note. Hybrid-CIMT indicates combined constraint induced movement therapy and bimanual 
therapy; SC, standard care; MACS, Manual Ability Classification System; GMFCS, Gross 
Motor Function Classification Scale; CIMT, constraint induced movement therapy; BIM, 
bimanual therapy; CI, confidence interval; IQR, interquartile range; OT, occupational 
therapy; M2PD, moving 2 point discrimination; IQR, interquartile range; SD, standard 
deviation; kg, kilogram; mm, millimetres; n, number.  
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Table 2 
Results of baseline and follow-up assessments for Hybrid-CIMT and individualized SC 
groups 
Outcome Hybrid-CIMT Individualized SC 
AHA, mean logits (SD) 
Baseline 
13 weeks   
26 weeks   
Melbourne, mean (SD) 
Baseline 
13 weeks   
26 weeks   
JTTHF (impaired), mean (SD) 
Baseline  
13 weeks  
26 weeks 
Box & Blocks (impaired), mean (SD) 
Baseline 
13 weeks  
26 weeks 
COPM Performance, mean (SD) 
Baseline 
13 weeks  
26 weeks 
COPM Satisfaction, mean (SD) 
Baseline 
13 weeks  
26 weeks 
CHEQ % hand use, median (IQR) 
Baseline 
13 weeks  
26 weeks 
 
61.1 (14.2) 
62.7 (13.2) 
60.5 (15.0) 
 
73.3 (18.4) 
71.4 (18.4) 
72.4 (18.7) 
 
352.4 (244.2) 
321.5 (248.9) 
296.1 (229.9) 
 
16.3 (11.1) 
20 (12.2) 
19.6 (11.7) 
 
3.1 (1.1) 
5.7 (1.5) 
6.1 (1.5) 
 
3.9 (1.6) 
6.5 (1.8) 
6.9 (1.4) 
 
88.9 (68.2, 94.9) 
94.9 (74.6, 100) 
95.6 (91.0, 100) 
 
58.9 (17.8) 
62.2 (18.4) 
62.5 (20.3) 
 
74.4 (17.8) 
74.7 (18.3) 
74.5 (20.3) 
 
359.3 (256.5) 
329.6 (248.5) 
313.6 (250.0) 
 
15.4 (10.6) 
18.7 (11.5) 
19.2 (14.5) 
 
3.2 (1.9) 
6.5 (1.6) 
6.9 (1.0) 
 
3.5 (1.1) 
7.3 (1.7) 
7.6 (1.3) 
 
87.5 (55.6, 94.4) 
83.9 (51.1, 99.4) 
92.2 (67.6, 100) 
Note. Hybrid-CIMT indicates combined constraint induced movement therapy and bimanual therapy; 
SC, standard care; AHA, Assisting Hand Assessment; Melbourne, Melbourne Assessment of 
Unilateral Upper Limb Function; JTTHF, Jebsen Taylor Test of Hand Function; COPM, Canadian 
Occupational Performance Measure; CHEQ, Children’s Hand-use Experience Questionnaire; SD, 
standard deviation; IQR, interquartile range. 
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l U
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T
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an
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n;
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er
f,
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er
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rm
an
ce
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is
fa
ct
io
n.
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Assessed for eligibility (n=167) 
13 weeks f/up 
n=19 
5 withdrew prior to 
baseline assessment 
(family circumstances 
n=4; ineligible n=1) 
1 withdrew – child 
unwell 
 
n=25 
3 withdrew 
(behavioural 
difficulties n=1; 
family circumstances 
n=1; baseline 
assessment incorrectly 
administered n=1) 
 
Received 
intervention 
 
 
Reason for 
non-
participation 
Randomised (n=53) 
E
nr
ol
m
en
t Declined (n=53) Not contactable (n=44) 
 
Did not meet criteria: 
Behaviour difficulties (n=4) 
Not hemiplegia (n=6) 
Too mild (n=1) 
Severe dystonia (n=1) 
UL surgery (n=1) 
Uncontrolled epilepsy (n=1) 
Hemispherectomy (n=1) 
Intellectual impairment (n=2) 
 
     
n=24 
 
Standard Care (n=25) Hybrid CIMT (n=28) 
n=18 
Figure1. Trial profile following Consolidated Standards of Reporting Trials guidelines. 
 
F
ol
lo
w
 u
p 
A
na
ly
si
s 
Reason for 
non-
attendance 
1 failed to attend 1 failed to attend 
Analyses baseline to 
13 week follow-up 
(n=25) 
Analyses baseline to 
13 week follow-up 
(n=19) 
 
26 weeks f/up 
Reason for 
non-
attendance 
n=24 
 
1 failed to attend 
n=19 
 
Analyses baseline to 
26week follow-up 
(n=25) 
Analyses baseline to 
26 week follow-up 
(n=19) 
 
A
ll
oc
at
io
n 
In
te
rv
en
ti
on
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